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(54) TlUe: HETEROCYCLIC CANNABINOID CB2 RECEPTOR ANTAGONISTS 

(57) Abstract: Novd selective cannabinuid CB2 receptor ligands. primarily agonists, have a number of biolo^cal and pharma- 
cological activities, including bronchial action, immunomodulatory action and analgesia. Hence, they are useful for treating dis- 
eases or conditions characterized by pain, inflammation and immunological dysrcgulation. Examples of this dass of novel com- 
pounds arc 4 chloro-A^-l1 -(2-morpholin-4-ylcthyl)- 1 W-bcTizimida7x>l-2-ylJbcn7amidc and 4-chlom-^-[7 mcthoxy-1 -(2-morpholin-4- 
ylethyl)-l//-benzimidazol-2-yl]benzamide. Other examples of the novel compounds are 4-derivatives of 3-amino and 3-caTboxy-l,2- 
dihydro-l-substituledquinazol-2-ones, including 2-chloru-N (l,2-dihydiu-l-(2-morpholinoelhyl)-2-oxoquinoxalin-3-yl)benzamjde, 
3-ch]on)-N-( 1 ,2-dihydro-l -(2-raori^oIinoelhyl)-2-oxoquinoxalin-3-yl)benzamide, tert-bulyl 1 ,2-dihydro-l-(2-morpholinoelhyl)-2- 
oxoqoinoxalin-3-ylcarbamate and N-benzyl-3.4-dihydro^-(2-motpholinoethyl)-3-oxoquinoxaline-2-caiboxamide. The compounds 
bind specifically to a cell-bound or cell-fnee CH2 receptor with an affinity (K^) < 1 00 pM. As agonists, these compounds stimulate 
a C!B2-ie1ated post-binding signal transduction event, e.g., inhibition of adenylyl cyclase activity, after binding to a CHz receptor on 
a cell. These compounds are used to treat inflammatory conditions, cell prolifemtive disorders, or an immune disorder, and may be 
administered in combination with agents that are also useful for the treatment of the symptoms or cause of the undedying disease or 
condition. 
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(57) Abstract: Novel selective cannabinuid CB2 receptor ligands, primarily agpnisls, have a number of biolugical and pharma- 
cological activities, including bronchial action, immunomodulatoiy action and analgesia. Hence, they are useful for treating dis- 
eases or conditions characterized by pain, inflammation and immunological dysrcgulation. Examples of this class of novel com- 
pounds arc 4cbloro-W-[ I -(2-morpholin-4-ylcthyl)-l //-bcnzimida7nl-2-ylJbcnzamidc and 4-chlarn-N-[7 mcthoxy-1 -(2-morpholin-4- 
ylethyl)-! //-ben2imidazol-2-yl]ben2amide. Other examples of the novel compounds are 4-deiivatives of 3-amino and 3-carboxy- 1 ,2- 
dihydiu-l-substitutedquina/x)l-2-ones, including 2-chluiu-N (l,2-dihydii>-l-(2-morphulinuethyI)-2-oxoquinuxaIin-3-yI)benzamide, 
3-chloru-N-(l ,2-dihydiu-l-(2-moiphoIinoelhyl)-2-oxoquinoxalin-3-yl)benzamide, lert-bulyl 1 ,2-dihydio-l-(2-morpholinoelhyl)-2- 
oxoqainoxaHn-3-ylcarbamate andN-benzyl-3,4-dihydio-4-(2-moii^oIinoetfayI)-3-oxoquinoxaline-2-caiboxamide. The compounds 
bind specifically to a cell-bound or cell-free CB2 reoeptor with an afiinity (Kd) ^ 100 pM. As agonists, these compounds stimulate 
a CBi-related post-binding signal transduction event. e.g.. inhibition of adenylyt cyclase activity, after binding to a CB2 receptnr on 
a cell. These compounds are used to treat inflammatoiy conditions, cell proliferative disorders, or an immime disord^. and may be 
administered in combination with agents that are also useful for the treatment of the symptoms or cause of the underiying disease or 
condition. 
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Novel Cannabinoid CB2 Receptor Agonists and Uses Thereof 
FIELD OF INVENTIQN 

[0001] The present mvendon generally relates to compoimds and 
phannaceutical coinpositions comprismg cannabinoid receptor a^nists^ processes 
5 and procedures for preparing such compounds, andto liie use of these compounds 
in the tealment of autoimmune and inflammatory diseases and in fte management 
of pain. 

BACKGROUND 

[0002] Cannabinoid receptors belong to the sttperfimily of Q-protein 
1 0 coupled receptors. They are classified into the predominantly neuronal CBi- 

receptors (CBi-R) and predominantly peripheral CB2 receptors (CB2-R) (reviewed 
extensively in Hewlett, AC et aL, Pharmacol Rev. 5^:161-202 (2Q02) which is 
incorporated by reference as are all the references cited therein). While the effects 
of CBi-Rs are pTincq)aIly associated with the cental nervous system (CNS), 
15 engagement of CBrRs is believed to have peripheral effects related to bronchial 
constriction, nmnimomodulation and inflammation. A^-tetrahydrocarmabinol, fee 
psychoactive marijuana derived cannabinoid^ binds to both the CB^Rs and the 
CB2-RS, 

[0003] It has generally been observed that compounds which stimulate the 
20 CBi-R, a^nists, suppress the immune system (Mechoulam, Cannabinoids as 

Therapeutic Agents, CRC Press. Boca Raton, Fla. (1986), Fride et al. , Eur. J. 

Pharmacol 257:313 (1993), Crawley et al, Pharmacol Behav, 46:961 (1993) and 

Smith at, / Pham. Exp. Therap. 270:219 (1994)). 

[0004] The pharmacology and therapeutic potential of ligands of flie 

25 cannabinoid receptor system have been reviewed OHowlett et al^ supra, Exp, 

Optn. Ther. Patents 1998, «, 301-313; A Doherty, Ed., Amu Rep. Med Oienu, 

34: 199-208 (1999); Exp. Opin. Ther. Patents 2000, 70:1529-1538; Trends in 

Phamu Sci 2000, 27:218-224). 
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Catmaibmoids: Qasacal and Nonclassical Agonists and Antagonists 

Classical Cannabinoids 
[0005] Classical cannabinoids consist of ABC-lricyclic dib^opyran 
derivatives that axe either compounds occurring naturally in the plant; Cannabis 
5 sattva, or synthetic analogs of these conqx>unds such as A'-tetrahydrocannabinol 
(A^-THC), ll-hydroxydimethylheptyl (HU-210X and desacetyl-L-nantradol. Of 
these, A'*TBC is the main psychotropic constituent of cannabis is also a 
psychotropic plant cannabinoid, whereas HU-210 and desacetyl-L-nantradol are 
synthetic cannabinoids. All these cannabinoids elicit cannabimimetic responses 

10 boflx in vivo and in vitro. A^-THC, first isolated fixm C. sativa has an absolute 
stereochemistiy of (6aRJ0dR). a'-THC undergoes significant binding to 
caimabinoid receptors at submicromolar concentratioiis, wifli similar afBnities for 
CBi and CBz-Rs. At CBi-Rs, it behaves as a partial agonist, the size of ite 
maximal effect felUng below that of synthetic canoabinoid receptor agonists with 

15 higher relative intrinsic activity, such as CP55940 and R-(+)-WlN552I2. The 
relative intrinsic activity of A*-THC at CBi-Rs is even less than at CBpRs. 
Indeed A^-THC behaved as a CBr-R antagonist when incubated with CHO cells 
transfected with human CBz-Rs CTiCB2-R") using a cyclic AMP (cAMP) assay 
(Bayewitch et oL, J Biol Chem 271:9902-9905, 1996). 

20 [0006] A^-THC has afBnities for CBi and CBz-Rs that are similar to those 

of A^-THC, thougji its synthetic analog, HU-210, has relative intrinsic activities at 
CB2-RS that match those of the high-efficacy agonists, CP55940 and (+> 
WINS 52 12 and even higjier affinity, making it a particularly potent caxmabinoid 
receptor agonist Its pharmacological effects in vivo are also exceptionally long 

25 lasting. The enhanced affinity and relative intrinsic activity of HU-2 1 0 can be 
largely attributed to the replacement of the pentyl side chain of A*-THC with a 
dimethylhq>tyl group. 

[0007] Most classical cannabinoids that bind to CBi have affinity for CB2 

as well, without major selectivity for either of these receptors (similar Ki values 
30 but significantly differential levels of potency). For example, A^-THC has a Kj of 
about 40 nM for either receptor, the Ki of HU-210 is about 100 times lower (i.e., 
higher afiBnity) (Showalter et al, J Pharmacol Ej^ Ther 278:989-999, 1996). 
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[0008] Table 1 below shows CBa-selective ligands in order of increasing 

CB2/CB1 selectivity. 

[0009] Stereochemical changes can also affect the pharmacological 

activity of cannabinoids of the cannabidiol-type. (+)-CBD, (+>5'-dimethylheptyl- 
5 CBD, and (+)-7-OH-5'-dimetfaylheptyl-CBD each has greater afiBnity for CBi-Rs 
lian its corresponding {-)-enantiomer. However, ttie steieochemical prerequisites 
for binding to CB2-RS are not the same in the cannabidtol series ((+)(5S,'^S) 
enantiomers have greater afiSnity) as in the THC series ((-){&iR,10flR) 
enantiomers have greater afSnity). 

10 [0010] CB2-selective agonists were developed fiom the first generation of 

classical cannabinoids by making relatively minor changes to the THC molecule. 
Removal of the phenolic OH group fiom HU-210 to form 1-deoxy-l 1-OH- 
A*-THC-<iimefhyl-heptyl (JWH-051) greatly enhanced affinity for CBi-Rs without 
significantly affecting CBi affinity. 

15 [001 1] The high degree of CB2 selectivity (by binding) of JWH-133, 

JWH-139, and HU-308 and by the Merck Frosst compounds L-759633 and Lr 
759656 (Merck Frosst Canada Ltd) are remarkable as all of these bind to CB2-RS 
at concentrations in the low nanomolar range. The latter two conq)ounds are 
equally potent and efficacious with CP55-940, the hi^ relative intrinsic activity 

20 agonist, at inhibiting forskolin-stimulated cAMP accumulation in CHO cells 
expressing recombinant CB2-RS (Ross et al, Br J Pfiarmacol 132:631-640, 
1999). Similarly, HQ-SOS and JWH433 are much more potent inhibitors of 
forskolin-stimulatBd cAMP production by CBi-tiansfected tiian by CBr 
transfected CHO cells. 

25 Nonclassical Cannabinoids 

[0012] Sdentists at Pfizer syn&esized new analogs lacking the 

dihydtopyian ring of THC. (Mehdn et aL, J Med Chem 27:67-71, 1984; Melvin et 
al,^ 1993 Mol Pharmacol 44:1008- 1015). Further developments ultimately led to 
the bicyclic analog, CP55940, which has become one of flie most widely studied 

30 cannabinoid agonists. 
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[0013] Use of [^H]-CP55940 (less KpopMHc than THC)) allowed the 
discoveiy and cliaracterization of llie CBi cannabinoid receptor, this ligand is still 
the most used radiolabeled caimabmoidUgend as it binds to CBi and CB2-RS with 

S similar affinity and displays high activity m vivo as well, being 1 0 to SO times 
moie potent than A^-THC. CPS5940 behaves as a full agonist for bolfa receptor 
types, and its maximal effects in CB2-R assay systems equal or exceed tfiose of 
other cannabinoid receptor agonists. like classical cannabinoids, nonclassical 
cannabinoids widi chiral centers exhibit significant stereoselectivity, those 

10 compounds with the same absolute stereochemistiy as (-)-A^-THC at 6a and 10a 
(fioR^lOoR) exhibit the greater pharmacological activity. 
[0014] In the 1990'$ Sterling Winlhrop researchers reported a new &mily 

of anunoalkylindoles with cannabinumetic properties. R-(+)-WIN55212 (see 
structure below), the best studied coimnercially available compound of the series, 

15 displays high afSnity for botti receptor types, with moderate selectivity in £tvor of 
CB2-R and high relative intrinsic activity at both (Bouaboula et al., J Biol Chem 
272:22330^22339, 1997)). In vfvo, it produces the fiill spectrum of THC's 
pharmacological effects and substitutes for other cannabinoids in behavioral tests. 
In contrast, its S-(-)-enanliomer, R-(+)WIN55212-3, lacks activity both in vivo 

20 and in vitro 0*ertwee, CurrMed Chem 6:635-664, 1999). A tritiated fonn of this 
ligand, [^R-(+)-WIN55212, was also prepared. 
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1-768242 



[0015] 



a 

Other ammoalkylindole derivative cannabmoid receptor agonists 



have been prepared (see HuflBoaan, 1999 Symposium on the Cannabinoids; 1999 
Jim 18-20; Acapulco, Mexico, pp 10, International Caimabinoid Research 
Society, Burlington, VT), makmg it possible to show that activity is letemed when 
5 the aminoalkyl substituent is replaced by simple n-alkyl chains or when the indole 
nucleus is replaced by a pyrrole or indene ring. Some of these newer 
aminoaftylindoles displayed significant selectivity for the CB2-R, namely JWH- 
015 (above) and a series of Meick Frosst compounds that includes 1^768242 
(above). 
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TABLE 1 



CBi-selective ligands in order of increasing CBj/CBj selectivity* 


Ligwd 


CBijEi Value (ndf) 


CBiJQ Value (iiAO 




JO J 


13.8 


JWH-051 


1.2* 


0.032 


1^768242 


1 Q17 


12 


JWH-139 


2^90* 


14 


AM 630 


5.152 


31.2 


JWH-133 


677* 


3.4 


b.759633 


1.043 


6.4 


15.850 


20 


1^759656 


4.888 


11.8 


>20.000 


19.4 


HU-308 


>io.ooa' 


22.7 


SR144528 


437 


0.60 




0,30* 


10,000 


5.6 


Cannabinold receptor ligands without marked CBj/CBi selectivity 


Ligand 


CBiJnyalne (nJi) 


CBiiO Value (nAO 


Anandamide 


61** 


1,930*'' 


89" 


371* 


543 


U940 


7Lr' 


279*** 


252° 


581 


2-AracbidonoylglycerDi 


472" 


1,400 


58.3" 


US'" 


HU-210 


0.0608 


0.524 


0.1* 


0.17 


0.73 


0.22 


CP55940 


5 


1.8 


3.72 


2.55 


1.37* 


1.37* 


0.58 


0.69 


0.50^* 




a'-thc 


53.3 


75.3 


39.5* 


40 


40.7 


36.4 


80.3* 


32.2 


35.3* 


3.9* 


A'-TOC 


47.6* 


39.3* 


i^-f+>WIN55212 


9.94* 


16.2* 


4.4*^* 


1.2"-* 


1.89 


0.28 


62.3 


3,3 


123 


4.1 



or on braiiL (CBi) 

or spleea tissue (CB2 ). c Binding to moose spleea canoabinaid veceptois. d Species tuBpedfied. All other 
data from experiments with human caimabinoid lecqrtois. 
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Eicosanoids 

[0016] The piototypic member of the eicosanoid group of cannabinoid 

receptor agonists is anandamide, which belongs to the 20:4, n-6 series of j&tty acid 
amides. This was flie first of five endogenous agonists to have been discovered in 
5 mammalian brain and olher tissues (Devane et al, Science 255:1946-1949, 1992), 
which along with 2-arachidonoylglycerol (Mechoulam et cd., Biochem Pharmacol 
50:83-90, 1995) are the best studied of this class. 

[0017] Anandamide is a partial agonist at CBpRs and exhibits less relative 

intrinsic activity at CBz than CBi-Rs. 2-ArachidonoylgIyca-ol is an agonist for 
10 both CBi and CBj-Rs and exhibits higher relative intrinsic activity than 

anandamide at both. l(3)-arachidonoylglycerol has similar CBi and C&i binding 

properties. 

Antasordsts/Inverse Agonists 

[00 18] A prototypic member of the diarylpyrazoles series of compounds is 

15 the Sanofi compound SR144528, a potent CB2 -selective ligand. 




These ligands prevent or reverse effects mediated by CB2-RS. By itself, 
SR144528 can act on CB2-RS to produce effects diat are opposite to those 
produced by agonists (Pertwee, 1999, supra), SR144528 can evoke inverse 
agonist responses, based on the ability of CBa-Rs to exhibit signal transduction 
20 constitutively. As such, aiylpyrazoles reduce the constitutive activity of tiiese 
signalling pathways. 

[0019] AM630 is a CB2-selective antagonist/inverse agonist that is potent 

(though less than SR144528) in reversing CP55940-induced inhibition of 
forskolin-stimulatedc AMP production in hCBi-R-transfectedCHO cells and, 
25 when administered alone, enhances forskoUn-stimulated cAMP production and 
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inhibits [^^S]GTPrS binding (Ross ei al^ supra), AM630 has roixed agonist- 
antagonist properties and is a low-afSnily partial CBpR agonist (Peitwee suprd^. 
[0020] One compound that is close to being a pure CB1/CB2-R antagonist 

(that lacks any agonist or inverse agonist activity) is the classical cannabinoid 6'- 
5 a2idohex-2'-yne-A^-THC (0-1 184). In addition to a terminal N3 group, flie C-3 




0-1184 

alkyl side chain includes a C=C (fix) triple bond, which decreases relative 
intrinsic activity at both leceptors without affecting affinity (Ross etoL^BrJ 
Pliarmacol 132:631-640, 1999). At CB2-RS, 0-1 184 behaves as a high-affinity, 
low-efficacy inverse agonist; replacement of the triple bond with a C=C double 
1 0 bond, results in a compound which acts as a higb-afiBnity, low-efiBcacy partial 
agonist at CB2-RS. 

Molectdar Biolosv of Cannabinoid Receptors 

[0021] Although the existence of cannabinoid receptors was known before 

fheir cloning, the receptors presently known as CBj and CB2 cannabinoid 

1 5 receptors were cloned as part of strategies based on conserved sequence motifs to 
clone G protein-coupled receptors (GPCR) in general rather than specifically 
trying to clone cannabinoid receptors. It was only after extensive screening of an 
expressed rat brain cDNA clone that it was identified as the CBi cannabinoid 
receptor (Matsuda et al, Nature 5^5:561-564, 1990; see Matsuda, Crit Rev 

20 Neurobiol 11: 143-166, 1997, for review). Human and mouse homologues have 
since been reported. They encode proteins of 472 (human) or 473 (ral, mouse) 
amino acids, including a rather long and well conserved amino terminal 
extracellular domain ofll6toll7 residues. Overall, these three receptors have 97 
to 99% amino acid sequence identity. There was no substantial evidence for a 

25 second carmabinoid recqptor until hCB2 cDNA was cloned from HL-60 cells 
(Mumo et aL, Nature 5d5:61-65, 1993). Its 360-amino acid sequence is qaite 
different &am fbat of CB], especially in its much shorter amino terminal domain 
with no significant conservation. Between trans-membrane domains 1 and 7, tiie 
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CB2 protein is only 48% identical to the CBi protein, substantially less than the 70 
to 80% usually seen between different types of GPCRs. It is reported to be 
expressed primarily ia spleen. The mouse CB2 gene has been cloned (Shire ei al., 
Biochim Biophys Acta 1307: 132-136, 1 996) and is only 82% identical at the 
5 protein level to the human receptor and 13 amino acids shorter at the C-terminus. 
The rat gene is similar to the mouse gene, but is 13 residues longer at the C- 
terminus. The coding sequence is contained in a single exon of the mouse gene 
(see GenBank accession no. U21681), but available cDNA sequence indicates that 
there is at least one additional exon containing only 5'-untranslated sequence. 

1 0 [0022] Site-directed mutagenesis has recently begun to define which 

residues constitute the agonist binding sites. Lysl92 is located at the extracellular 
end of helix three in both the CBi and CBz-Rs, a region commonly implicated in 
agonist binding in other GPCRs. Conservative substitution of an Arg for fee Lys 
had little effect, whereas the potentially disruptive substitutions of Gin or Glu 

15 eliminated binding of CP55940 (but had little eflfect on binding of R-(4-)- 

'WIN55212. Mutations of the hCBz-R at Lysl09 to Arg or Ala had little effect 
Molecular modelmg of 4e two Ala- substituted receptors (CBi K192A and CB2 
K109A) indicated that CB2-R still could bind its ligand via hydrogen bonding to 
Serl 12 that were absent in CBi at flie corresponding residue, Glyl95. When the 

20 CB2 K109A receptor was furflier modified to convert Serl 12 to Gly, it acted only 
on the CBi K192A mutant receptor, confirming the modeling prediction. There 
appear to be two adjacent residues on die wca& fece of helix 3 which play a 
critical role in binding of agonists (other than R-(+)-WlN552l2). Other mutations 
altering residues that are hi^y conserved throughout the ihodopsin &mily of 

25 GPCEts, such as the Asp in helix 2, the DRY motif at flie intracellular end of helix 
3 , the Tip in the middle of helix 4 and the Tyt near the intracellular end of helix 7, 
result in the same types of effects as analogous mutations in oftier receptors. 
Given the highly conserved nature of these residues and dieir positions generally 
near the intracellular ends of the respective helices, it is likely fhat they are less 

30 relevant fiyr agonist binding but rather important for conformations needed for 
transmitfing a biadmg signal to the G protein. More relevant to &e agonist 
binding sites is the Trp at the extracellular end of helix 4. Conservative mutations 
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of Trpl72 in hCBz to Phe and Tyr had iitUe effect, but lemoval of the aromatic 
side chain by substitution of Ala or Leu eliminated lig^ binding. 
Tissue Distribution of CatmabinoidRzceDtors 

[0023] CBz-Rs are primarily localized on cells in stmctures associated 
5 with the immune system and when analyzed on dissociated cells, are primarily on 
mature B cells, and, to a less^ degree, macrophages. In addition to their CNS 
localization, CBi-Rs are widely expressed in tiie peripheral nervous system 
(sensory nerve fibers and autonomic nervous system (e.g., Pertwee etaL^BrJ 
Pharmacol 705:980-984, 1992). CBi-Rs are also expressed in some immune 
10 cells, but their level of e3i|xression is considerably lower than that of CBz-Rs 
Distribution of Carmabinoid Receptors in Immune System 
[0024] Cuiient knowledge about the distribution of CBi and CB2 

cannabinoid receptors in cells and tissues of the immune system is summarized m 
Table 2 (see Howlett et al., supra, for details and individual re&arences). 
15 TABLE 2: Detectionof cannabinoid receptors in bnmune cells and iissttes 



CeU I^^peTTissue 


Species 


Receptor 


Method of Detection 


B lymphocytes 


Human 


CB2 


RT-PCR* or confocat nuGroscop/ 


Macrophages 


Huroan, mouse, rat 


CB2 


RT-PCR*'^ 


Mast cells 


Rat 


CB2 


RT-PCR' 


Microg^a 


Rat 


CBi,CB2 


Mutational RT-PCR^'^'Westm 

iimnunobloff^(»' 

immtmocytoclicmistr^ 


Natural killer cells 


Human 


CB2 


RT-PCR" 


Peripheral blood 
mononuclear cells 


Human, rat 


CB2 


RT-PCR"*' 


CD4 lymphocytes 


Human 


CB2 


RT-PCR' 


CDS Iyaq)hocytes 


Human 


CB2 


RT-PCR'' 


Lymph nodes 


Human 


CB2 


RT-PCR'' 


Peyer*s patches 


Rat 


CBi and/or 
CB2 


Radioligand binding ch* 
radioligand autoradiography^ 


Spleen 


Human, mouse, rat 


CBi, CB2 


Radioligand bindingf ladiolig^and 
autoradiography Nor&em bW m 
situ hybridizatioi/ or RT-PCR**' 


Tonsils 


Human 


CB2 


RT-PCR^'or 
immunocytochemistry 


Thymus 


Human 


CB2 


RT.PCR" 



a GaHegue a/1, 1995; b Carayon et a/., 1998; c Lee al, 2001; d Carlisle et al.» 2002; e Facci et 
al, 1995; 

/ Waksman et a!., 1999; g Suihae/ a/., 1998; h Lynn and Hexkenham, 1994; 1 Kaminski et oL, 1992; 
yMunroe/a/,, 1993, 
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[0025] CBrR mRNA is foimd primarily in neural tissue, and in peripheral 

tissues, including the adrenal gland, bone marrow, heart, lung, prostate, testis, 
thymus, tonsils, and spleen. CBi-R mRNA has also been found in select immune 
ceU lines, including human TBDP-1 monocytic cells, human Raji B-cells, murine 
5 NKB61A2 natural killer C*NK'>like ceUs, and murine CTLL2 IL-2~dependent T 
cells (Daaka etaL.Jn The Brain Immune Axis and Substance Abuse (Sharp BM et 
al., eds, Plenum Press, New York, 1995, pp 91-96). 

[0026] Both in situ hybridization and autoradiographic studies suggested 

expression of CBa-Rs in multiple lymphoid organs (Lynn et al , J Pharmacol Exp 

10 Ther 2d»;16I2~1623, 1994; Buckley et al, Neuroscience 52:1 131-1149, 1998). 
CB2-R mRNA is found in spleen, thymus, tonsils, bone marrow, pancreas, splenic 
macrophage/monocyte preparations, mast cells, peripheral blood leukocytes, and 
in a variety of cultured immune cell models, including the myeloid cell line U937 
and undifferentiated and differentiated granulocyte-like or macrophage-like HL- 

15 60 cells (Bouaboula et al, Eur J Biocfiem 214: 173-1 80, 1993; Condie etal.,J 
Biol Chem 277:13175- 13183, 1996; Schatz et a/., Toxicol Appl Pharmacol 
7^2:278-2871997). Valkeffl/. (SfoodPO: 1448-1457, 1997) reported ftie 
presence of CB2-R mRNA in 45 of 51 cell lines of distinct hematopoietic lineages, 
including myeloid, macrophage, mast, B-lymphoid, T-lymphoid, and eryfhroid 

20 cells. In spleen and tonsils, CB2 mRNA content is equivalent to that of CBi 
mRNA in the CNS. However, the distribution pattern of CB2 mRNA displays 
major variation in human blood cell populations, with a rank order of B 
lymphocytes > NK cells » monocytes > polymorphonuclear neutrophils > CDS 
lymphocytes > CD4 lymphocytes (Galiegue et al, Eur JBiochem 232:54-61, 

25 1995). A rank order for CBz mRNA content siniilar to that noted for pri^ 

human cell types has been recorded for human cell lines belonging to the myeloid, 
monocytic, and lymphoid lineages. Tbe pattern of distribution in murine immune 
cell subpopulations is similar (Lee et al., EurJPftarmacol 423:235-241, 2001) 
with CB2 mRNA most abundant in splenic B cells, followed by macrophages and 

30 Tcells. Cannabinoid receptor protein has also been localized in a variety of 
immune cell types and tissues using ligand binding assays (Lynn et al. , supra). 
Cannabmoid receptor binding was limited to B cell-enriched areas (marginal zone 
of spleen, cortex of lymph nodes, and nodular corona of Peyer's patches), whereas 



11 



wo 2005/021547 



PCT/CS2004/027809 



specific binding was absent in T cell-enriclied aieas (ftymus, periarteriolar 
ly^^>hatic sheaffas of the spleen), and certain maciophage-eiiriched aieas (liver 
and lung). Bouabonla e/a2., 1993, used[^CP55940 as a ligand for 
cbaracterizing cannabinoid leceptors in membranes of hmnan myelomonocytic 
S U937 cells. A Kd of 0.1 nM and a Bmax of S25 ftnol/mg protein was determined 
fiom Scatchaid analysis. 

[0027] CBi- and CBz-specific antibodies have been used to identify 
caimabinoid receptors in inmrane cells. CB i-R protein has been identified in the 
human Jurkat T cell line (Daaka et al., J Pharmacol Exp Ther 276:776-783, 

1 0 1996), in Daudi human B-lymphoblastoid cells and macrophage-Iike cells fsom rat 
brain tissue, and in cortical microglia cultured fiom neonatal rat brain (Waksman 
etal^JPtiarmacolExp 2%er 288: 1357-1366. Galieguee/a/., 1995, Jiipra used 
an an1i-hCB2 IgO to localize CBz-Rs wilfam B lymphocyte-emiched areas of the 
mantle of secondary lymphoid fi>llicles in sections of human tonsil. Camyon et oL 

1 5 {Blood 92:3605-3615, 1998) studied expression of CBrRs m leukocytes using 
purified polyclonal antibodies and found diat perq>heial blood and tonsillar B cells 
expressed the highest levels of C!B2-R protein. 

[0028] Changes in levels of cannabinoid receptors or fheir mRNAs occur 

afier treatment with a variety of immune modulators or activators. CBz mRNA 

20 was present in tfaioglycollate-elicited murine peritoneal macrophages but not in 
resident peritoneal macrophages. CB2 mRNA expression was studied following 
immune cell "activation.*' Bacterial lipopolysaccharide (LPS) down-regulated 
CB2 mRNA e7q)iession in spleen cell cultures in a dose-responsive manner, 
whereas stimulation through CD40 using anti-CD40 antibody had an upregulating 

25 effect, which was attenuated by costimulafion with IL-4. LPS-stimulated Raji 
cells and PMA-stimulated THPl human acute monocytic leukemia cell lines had 
increased levels of CBi cannabinoid receptor mRNA linked to comparable 
increases in receptor protein expression. Mitogen activation of Jurkat cells caused 
increased specific binding of [^iriCP55940; Western analysis indicated tibie 

3 0 presence of the receptor protein on membranes fiom mitogen-activated, but not 
unstimulated, Jurkat T cells. Anti-CD40, anti*<i;D3> and IL-2 stimulation induced 
contrasting changes in CB] mRNA expression in mouse spleen cells; stimulation 
with T cell mito^ns PMA/Ionomycin and anti-CD3 resulted in lower CBi-R 
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message, whereas stimulation with the B-cell mitogen anti-CD40 increased 
message levels. Treatment with a combination of mitogens and IL-2 uniformly 
raised CBi-R mRNA levels (Noe et al.JNeuroimmunol 110:161-167, 2000). 
The foregoing suggests that signaling pathways activated by T cell mitogens lead 
5 to decreased CBi gene activation, whereas pafliways activated by B-cell mitogens 
and IL-2 lead to increased CBi gene activation. Collectively, these findings 
suggest that cannabinoid receptors are of biological relevance in lymphoid and 
myeloid cells during discrete stages of activation. Changes in levels of rat spleen 
caimabinoid receptors have been reported after chronic cannabinoid (CP55940) 
10 administration in vivo (Massi et al. , Pharmacol Biochem Befiav 55:73-78, 1997) 
which led to significant loss of [^H]CP55940 binding in chronic treated, tolerant 
rats as measured by densitometry and autosradiography of spleen sections. 
Functional Immtmolosical Effects 

[0029] The presence of peripheral cannabinoid receptor mRNA and 

1 5 protein in a variety of immune cell types, and tihe recognition that caimabinoids 
inhibit adenylyl cyclase in immune cells ftrough a pertussis toxin-sensitive mode, 
support a role for cannabinoid receptors in the modulation of immune cell 
functions (KaminsW and colleagues, Mol Pliarmacol 42:736- 742, 1992; Biochem 
Pharmacol -#S:1899-1908; Toxicol Lett 102'-103:59 -63). Suppression of 

20 antibody responses by cannabinoids was mediated in part through inhibition of 
adenylyl cyclase by a pertussis toxin-sensitive G protein-coupled mechanism. 
A*-THC and the synthetic agonist CP55940 inhibited flie lymphocyte proliferative 
and the sheep eiythrocyte IgM antibody-forming cell responses of murine spleen 
cells to PMA/ionomycin. More direct evidence for a functional linkage came 

25 ftom the use ofCBi- and CBa-selective antagonists. Select activities of 
macrophages are affected by cannabinoids through cannabinoid receptors. 
[0030] A^-THC modulated the antigen processing capacity by 

macrophages ftat is necessary for activation of CD4+ T lymphocytes. Inhibition 
of the processing of a protein antigen was blocked by the CB2-R-selective 

30 antagonist, SR144528, whereas the CBrR-selective antagonist SR141716A had 
no such effect (McCoy et dL, J Pharmacol Exp Ther 289:1620-1625, 1999). 
These observations weie confirmed usiiig CB2-R knockout mice (Buckley et al^ 
2000) in which A^-THC inhibited help^ T cell activation by maciopha^s in wild 
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type, but not knockout, mice, consistent with a tole for Hie CB2-R in antigen 
processing. Sacerdote et al. , JNeuroimmwtol 109: 1 55-1 63, 2000 united that in 
vivo and in vitro treatmmt with fhe synthetic cannabinoid CPS5940 decreased m 
vitro migration of lat macrophages, involving both CBi and CB2-Rs* Both 
5 spontaneous cell migration, and fiiat induced by a diemotactic peptide, were 
affected While both SR141716A and SR144S28 blocked the CPS5940-induoed 
inhibition of spontaneous migration, fhe CB2 antagonist was more potent, and 
only it reversed the effect on induced chemotaxis. Theendocannabinoid2- 
arachidonoylglycerol stimulated constitutive nitric oxide release fiom human 

10 monocytes and vascular tissues, mediated tbrou^ fhe CBi-R. In both fhe 
monocytes and lymphocytes, NO release elicited in response to 
2-axachidonoylglyceroI exposure was blocked by a CB] antagonist but hot by a 
CB2 antagonist (Stefano et cd., Pharmacol Res 42:317-322, 2000). 
[003 1] CBi and CBz-Rs appear to be involved in A^-THC-induced 

15 inhibition of NK cell activity (Massi et al., Eur J Pharmacol 387:343-347, 2000). 
In vivo administration of A^-THC to mice significantly inhibited NK cytolytic 
activity without affecting concanavalin A (Con A)-induced T cell proliferation. 
Pretreatment widi die CB] and CB2 cannabinoid receptor antagonists partially 
reversed this inhibition with the CSi-R antagpnist being more effective than the 

20 CB2-R antagonist ParaUelmeasur^enisofinterferonyCIFN-Y) revealed tta^^ 
A^-THC significant^ reduced production of this cytokine. Antagonists at bodi 
receptors completely reversed the IFNy reduction Thus, both receptor types are 
involved in the complex network regulating and mediating NK cytolytic activity. 
[0032] Carayon et ah , supra reported downregulation of CB^-R expression 

25 (mRNA and protein) during B-cell differentiation with lowest expression in 
germinal center proliferating centroblasts of tonsils. The nonselective agonist 
CP55940 enhanced CD40-mediated proliferation of both virgin and germinal 
crater B-cell subsets, and this was blocked by the CBi-R-selective, but not die 
CBi-R-selective antagonist CB2-RS were tq^regulated in both B-ceU subsets 

30 during the first 24 h of CD40-induced activation. It therefore appears 'aiatCB2 
cannabinoid receptors play a role in B cell differentiation. 
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[0033] To explain how cannabinoids, acting through cannabinoid 

receptors, exert such a broad spectrum of effects on immune function, one may 
postulate that they act through differential expression of cytokines. A^-THC and 
other cannabinoid agonists stimulate expression of 'immune inhibitory" Th2-type 
5 cytokines while inhibiting Thl-type "immune stimulatory" cytokines. A^-THC 
inhibited antitumor immunity against lung tomors of diflfering immunogenicity by 
a CB2-R-mediated, cytokine-dependent pa4way (Zhu oL, J Immunol 165:373- 
380, 2000). A^-THC appeared to decrease tumor immunogenicity, as reflected in 
the lower capacity of tumor-immunized, A^-THC-trcated mice to withstand 

10 challenge. The Ih2cytokines«n>10 and TGFp were augmented in these animals^ 
wh^:eas the Th 1 cytokine, IFN-y, was siqipressed, both at the tumor site and in fhe 
spleen. In vivo treatment with a CBrselective antagonist (SR144528) blocked the 
THC effect, suggesting that a CBr-R-mediated, cytokme-dependent pathway was 
responsible for A^-THC promoting tumor growth by inhibiting antitumor 

IS immunity. A'-THC treatment of BAIJ3/c mice also suppressed iimnuni 

early IFN^, and n^l2 rec^tor P2 responses to Legionella pneumophila. 
Levels of Thl cytokines IL-12 and as well as resistance to a challenge 
infection, were suppressed. Results with selective antagonists indicated tiiatboth 
the CBi and CBi-Rs were involved, 

20 [0034] There is thus a need in the art to develop improved cannabinoid 

receptor ligands tiiat can be harnessed to inhibit undesirable imtnone response, 
such as those seen in autoimmune and allergic disease, and to inhibit the 
inflammatory sequelae of the immunological processes in tins setting. 
Embodiments ofthe invention are directed to this goal, and relatetonovel 

25 compounds tiiat act on CB2-R. 
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10 



SUMMARY ^ » 

[0035] To address lias need, novel selective CB2-R ligands, primaiily 

agonists, were developed These compounds have a number of biological and 
phannacological activiti^, including bronchial constriction, anti-inflammatoiy 
action, immunomodulatory action and analgesia. Hence, they are useful for 
treating diseases or conditions characterized by pain, inflammation and 
immunological (fysregulation. More q)ecifically, the embodiments of the 
invention relate to conq>ounds of Formula I: 

r 

-^15^^ \ ds d4 Formula I 




prodrugs thereof or phannaceutically acceptable salts, solvates or stereoisomers 
of the conq)ounds or of the prodrugs. Intfaepreferred compounds of this 
embodiment 

is: H, Ci^aftyl, halogen, OCH3, CF3, OCF3, OCHF2, OH or C2-6 alko^qr. 
15 R^is: Ci-6aBsyl,cycloaIkyl,(CH2)ta-hetBrocycloaIkyl,or(CH2)a-^^ 
wherein n is an integer from 1 to 3. 
rMs: CHR*,COorS02. 

R^ is: lower alkyl, cycloallg^l, heteroalkyi, heterocycloaH^l, aryl or het^aiyl. 
R^ is: H or lower ally 1 or heteroalkyL 
20 R^ is: H, lower alkyl, cycloaBiyl, heteioalkyl, heterocycloalkyl, aryl, 
heteroaryl or, caxboxy. 

W, X, Y and Z can be either C or N, wherein the total number of N atoms 
amongst W, X, Y and Z does not exceed 2. 

[0036] Prefened embodiments of the compounds of Formula I are: 

25 (a) 4-chIoroTiV'-[I-(2-moipholin-4-yIe1hyI)-lJ?-benzimidazol^^ 

(b) 4-K;Hon>JV^[7-methoxy-l-(2-moipholin-4-ylefeyl)-lg4^ 
yl]benzamide; 

(c) 3,4-dicUoro-N-[l-(2-moipholin-4-ylethyI)-ljH'-ben2i^ 
and 
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(d) 3,4-dicUoro-N-<l-(2-moipholinopTOpyl)-l/f-beiiM 
yQbenzamide. 

[0037] Also described herein aie compounds of Fotaiula 11: 



Formula il 



R2 

S In the prefened compounds of Ois embodiment 

Ri is: H, Cm alkyl, halogen, OCH3, CF3, OCF3, OCHF2, OH or Cq^ alkoxy. 

R2 is: Ci^aD^I, cycloalkyl, (CH^-heteioalkyl, (CH^n'-beteiocycloalkyl, or 

(CHiVbeteroaxyl wh&xin n is an integ^ from 1 to 3 . 

X is: N(R3-R4)(R5), C(0)Y or C(NH)Y. 
10 R3is:CHR6,COorS02. 

R4 is: lower aHqrl, cycloalkyl, heteroallEyl, heterocycloalkyl, aiyl or heteroaiyl. 

R5 is: H or lower aD^l or hetmalkyl. 

is: lower alkyl, cycloalkyi, heteroallgd, hetrarocycloallQd, aiyl, 

heteroaryl or, caiboxy . 
15 Y is: N(R3-R4)(R5) or C w aUcyl. C w alkenyl. Cm aJkynyl, cycloalkyl, 

heteroaliyl, heteroaiyl, (CH^-heterocycloalkyl, (CHzVaiyl or (CH?)b- 

heteroaiyl, wherein n is an integer from 1 to4. 

Substituents a, b, c and d can be difber C or wilh Ihe proviso Ihat flie total 
nmnber of N atoms amongst a, b, c and d does not exceed!. 

20 [0038] Preferably, the above compounds are ones which bind specifically 
to a cell-bound cell-fiee CB2 receptor with an a£Snity characterized by a Ka of 
100 jiM or lower* Preferably, lise compound is an agonist at the CB2 receptor 
characterized by its ability to stimulate a CB2-telated post-bindhig signal 
transduction event after binding to a CB2 receptor on a cell. Thesignal 

25 transduction event may be inhibitian of adenylyl cyclase activity and/or induced 
cAMP generation. 

[0039] Also provided are pharmaceutical conq>ositions comprising (a) at 
least one compound as characterized above including a salt, derivative or prodrug 
and (b) a pharmaceutically acceptable carrier or excipient 
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[0040] Anoflier embodiment is directed to a mefliod of treating an 
inflammatoiy conditiony a cell proliferative disorder or an immmie disorder, 
comprising adnunisfeiing to a subject in need of such treatment a flierapeutically 
effective amount of a compound of any one of (he above compounds or 
S phannaceutical compostdons thereo£ 

[0041] Also included is a method of treating a subject having a disease or 

condition associated with abnormally low activity oj^ or signalling through, CB2 
receptors of cells of fte immune system. Use of fte compounds of Formula I and 
Formula n in this regard comprises administering to a subject in need of increased 
10 activity of or signaling thiou^ CB2 receptors a therapeutically effective amount 
of at least one conapound described above. 

[0042] The above mefliods are used to treat one or more conditions or 

disorders selected fiom the group consisting of graft rejection, graft vs. host 
disease, T-cell mediated hypersensitivity including T cell-mediated dermatitis, 

1 5 allergic disease, arihritis, preferably rheumatoid arthritis, insulin-dependent 
diabetes mellitus (type I diabetes), multiple sclerosis, acute dissennnated 
encephalomyelitis, asthma, chronic obstmctive puhnonary disease, emphysema, 
bronchitis, acute respiratory distress syndrome, inflammatory bowel disease such 
as Crohn's disease, liq>us or SLE, isctemic or reperfusion iigury, celiac disease, 

20 atopic dermatitis, psoriasis, urticaria, scleroderma, mycosis fimgoides, 

dermatomyositis, al(q)ecia areata, chronic actinic dermatitis, stromal keratitis, 
eczema, Behcet*s disease, Pustulosis pafanoplanteris. Pyoderma gangcenum, 
Sezary's syndrome, systemic sclerosis, morphea, autoimmune tiiyroid disease, 
Addison's disease, an autoimmune polyglandular disease or syndrome, sialitis 

25 and Sjdgren's syndrome, pernicious anemia, vitiligo, Guillain-Barre syndrome, 
glomerulonephritis and serum sickness. 

[0043] In the foregoing methods, the compounds, preferably as 

pharmaceutical compositions, are administered orally, parenterally or topically. 
The compounds may be administered in combination with an agent tiiat is also 
30 useful for the treatment of the symptoms or underlying cause of the disease or 
condition. Examples of such agents are methotrexate, sulfasalazine, a COX-2 
inhibitor, hydroxy chloroquine, cyclosporine A, D-penicillamine, infliximab, 
etanercept , auranofin, aurotiiioglucose, sulfasalazine, sulfasalazine analogs 
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mesalamine, corticosteroids, corticosteroid analogs, 6-inercaptopuriiie, 
cyclosporine A, methotrexate and infliximab, interferon p-ip, interferon p-lct, 
azathioprine, glatiramer acetate, a glucocorticoid and cyclophosphamide. 
[0044] The invention provides a method for modulating (a) CB2 receptors 

5 on a cell or (b) signal transduction mediated by CB2 stimulation of a cell, 

comprising contacting the cell with a receptor-modulatoiy amoimt of at least one 
compoimd described above. In this mefliod, the at least one compound is 
preferably one that activates CB2 receptors. This method may also be performed 
using a compound tiiat blocks the activation of said CB2 receptors by an 
10 endogOTous or exogenous CB2 agonist 

DESCRIPTION OF TFF. PUFCT-PTOED EMBODIMENTS 

[0045] Disclosed herein are novel CB2-R ligands that are potrat inhibitors 

of autoimmune, inflammatory and nocicq}tive pathways and are therefore use&l 
for preventing, treating or ameUorating diseases or conditions associated with 
1 5 undesired autoimmune reactivity. In particular, conditions or maladies mediated 
by T lymphoc)^, inflammatory reqnmses and pain may be overcome and 
attendant symptoms alleviated. These compounds and their uses are described and 
exemplified in detail below. 
Chemical Structures 

20 [0046] The central chemical entity xcpon which the novel compounds are 

based is shown in Formula I, below; 



R2 




In tihie preferred compounds of a prefetted embodim^t, 

is: H. Ci^ aHqrl, halogpn, OCH3, CF3, OCF3, OCHF2, OH or Ca^ alkoxy. 
25 R^is: Ci.6aB!yl»9ycloalkyl,(CH2)n-heterocycloancyUor(CH2Vbete^ 
wherein n is an integer fix>ml to 3. 
rMs: CHR^COo^SQ2. 

R* is: lower aUcyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aiyl or heteroaiyl. 
R^ is: H or lower alkyl or heteroalkyL 
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is: H, lower alkyl, cycloalkyU heteroalkyl, heterocycloalkyl, aiyl, 
heteioaiyl or, caiboxy. 
[0047] W, X, Y and Z can be either C or N, with the proviso tfmt the total 

number of N atoms amongst W, X, Y and Z does not exceed 2. 
5 [0048] In anotiier preferred embodiment, the novel compounds aie based 
on Formula below: 



Formula II 



R2 

In the prefored compounds of this embodiment, 

Ri is: H, Ci-6 alkyl, halog^ OCH3, OCF3, OCHF2, OH or C2-6 
10 alkoxy. 

Rais: Ci-6aIl£yl,cycloa]lgrl,(CH2)n-heteroalkyl,(OT 
or (CH2)n-^h^^^^l wherein n is an integer from 1 to 3. 
X is: N(R3-R4)(R5). C(0)Y or C(NH)Y. 
R3is:CHR6,COorSQ2. 
15 R4 is: lower alkyl, cycloall^l, heteroalkyl, heterocycloaOcyl, aiyl or 

heteroaryl. 

R5 is: H or lower alkyl or heteroalkyl. 

R( is: H, lower alkyl, cycloalkyl, hetetoaH^l, heterocycloallqrl, aryl, 
heteroaryl or, carboxy . 
20 Y is: N(R3-R4)(R5) or Ci^ alkyU alkenyl, Ci-6 allgFnyl, cycloaJkyi, 

heteroalkyl, heteroaryl, (CHiVl^terocycloalkyl, (CH2)n-aiyl or {CH2)n- 
heteroaryl, wherem n is an mtecer fiom 1 to 4. 

Substituents a, b, c and d can be eidier C or N, with the proviso that the 
total number of N atoms amongst a, b, c and d does not exceed 2. 

25 [0049] As used herein the terai "alkyF* (as well as other groups having the 

prefix "alk**, such as alkoxy, alkanoyl) denotes straight chain, branched, 
combinatiotifi of straight and branched, or cyclic fully saturated hydrocarbon 
residues. Unless the number of carbon atoms is specified, the t^m preferably 
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refers to Ci-^ alkyl which is also referred to as 'lower alkyL" When "alkyl" 
groups are used in a generic sense, e,g., '"propyl," "tutyl," '^pentyl" and 'Tiexyl," 
etc. J it will be understood that each term may include all isomeric forms (straight, 
branched or cyclic) thereof. A preferred alkyl is alkyl; more prefCTred is Ci,3 
5 alkyl. Examples ofstraight chain and branched Cks alkyl include methyl, ethyl, 
n-propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, 1,2- 
dimethylpropyl, 1,1-dimethylpropyl, pentyl, hexyl, heplyl, octyl, nonyl and the 
like. 

[0050] "Cycloalkyl" means mono- or bicycKc or bridged saturated 

10 carbocyclic rings of 3 to 10 carbon atoms. The term also includes monocyclic 

rings fused to an aiyl ring in which the point of attachment is on the non-aromatic 
portion. Examples of cycloalkyl include cyclopropyl or its substituted derivatives 
such as cyclopropyhnethyl, cyclopropylethyl), cyclobuiyl, cyclopentyl, 
cyclohexyl, cycloheptyl, teliahydronaphtiiyl, decahydronaphfliyl, indanyl, and the 



hydrocarbon residue that contains one or more heteroatoms including N, O or S, 
wherein the total number of atoms, inclusive of heteroatoms, does not exceed 20. 
Where two or more heteroatoms replace C atoms, these heteroatoms may be the 

20 same or different Thepointof attachment of the heteioalkyl radical inay be C,N, 
O or S. Thus, heteroall^l encompasses primary, secondary and tertiary andine 
functionalities and ether and fhioefher functionalities. Examples of heteroalkyl 
include efiiylamino, aminoethyl, propylamino, aminopropyl, isopropylamino, 
butylamino, aminobutyl, ^^^-butylamino, benzylamino, phenylethyamino, 

25 benzylmetiiylamino, ben2ylethylamino, dimethylamino, diethylanodno, 
dipropylamino, dibutylamino, pytiolidino, morpholtno, piperazino, N- 
m6thylpq)erazmo, N-etfay}pq>era2ino, dimethylaminoethylamino, 
diethyaniinoelhylaniino, meflio^, elhoxy, propoxy, isopropoxy, butoxy, sec- 
butoxy, iso-butoxy, tert-butojq^ and the like. 

30 [0052] Analkjigroup, as defined herein, may be optionally substituted by 

one or more substituents. Suitable substituents may include: halo (fluoro, chloro, 
bromo or iodo); haloalkyl {e.g., trifiuoiomeliiyl, tdchloromethyl); hydroxy, 
mercapto; phex^l; benzyl; amino; aUcylammo; dialkylamino; cycloalkylamino; 



15 



like. 



[0051] 



"Heteroalkyl" denotes a straight chain or branched chain saturated 
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aiylammo; heteroarylammo; aOcoxy {e,g., methoxy, eflx>xy, butoxy, propoxy 
pheno>qr, benzyloxy, etc.); fhio; aUcylthio (e,g., mellQd tbio, efhyl ftio); acyl, for 
example acetyl; acyloxy, e.g., acetaxy; carboxy (-CO2H); caiboxyalkyi; 
carboxyamide (e.g.^ -CONH-all^ly -CON(a]kyl)29 etc); caiboxyaiyl and 
5 carboxyamidoaryl CONH-aiyl, -C0N(ary])2); cyano; or keto (^eie a CH2 
groiip is replaced by OO). 

[0053] The terms ''alkoxy" and "acyloxy" refer to aUkyl and acyl groups 

respectively when linked by oxygen. 

[0054] As used herein the tenn "alkenyr denotes groiqps foimed fiom 

1 0 strai^t chain, branched or cyclic hydrocaibon residues containing at least one 
0=C double bond including etbylenically mono-, di- or poly-unsaturated alkyl or 
cycloalkyl groups as previously defined. Thus, cycloalkenyls aie also intended. 
Unless the number of carbon atoms is specified, alkenyl preferably refers to C2.20 
alkenyL More preferred are lower alkenyls (Cz^X preferably Q-s* more 

IS preferably C24 or C2.3. Examples of alkenyl and cycloalkenyl include vinyl, allyl, 
etbenyl, propenyl, isopropenyl, 1-melliyIvinyI, butenyl, iso-butenyl, 3-mefhyl-2- 
butenyl, 1-penfcenyl, cyclopentenyl, 1-^metbyl-cyclopentenyl, l-hexenyl» 3- 
hexenyl, cyclohexenyl, 1-heptenyl, 3-heptenyl, 1-octenyl, cyclooctenyl, 1- 
nonenyl» 2-nonenyl, 3-noneoyl, 1-decenyl, 3-decenyl, 1,3-butadienyI, 

20 l»4-pentadienyl, l^-cyclopentadieoyl, 1,3-hexadienyl, 1,4-hexadieiiyl, 1,3- 
cyclohexadienyl, 1,4-cyclohexadienyl, 1,3-cycloheptadienyl, 
1,3,5-cycloheptatrienyl and 1,3,5,7-cyclooctatetraenyl. Preferred alkenyls are 
straight chain or branched. As defined herein, an alkenyl group may optionally be 
substituted by the optional substituents described above for substituted alkyls. 

25 [0055] As used herein the term "alkynyl" denotes groups formed firom 

straigfht chain, branched, combinations of linear and branched, or cyclic 
hydrocarbon residues containing at least one OC triple bond including 
etfaynically mono-, di- or poly- unsaturated aJkyl or cycloalkyl groups as 
previously defined. Unless the number of carbon atoms is specified, the term 

30 refers to C2.20 alkynyl. More preferred are lower alkynyls (C2-6X preferably C2-5, 
more preferably C2-4 or C2-3 alkynyl. Examples include ethynyl, 1-propynyl, 2- 
propynyl, butynyl (including isomers), and pentynyl (including isomers), 3- 
methyl-l-pentynyl, 2-heptynyl, and the like. A particularly preferred alkynyl is a 



22 



wo 2005/021547 



PCT/US2004/027809 



Ca^aJkynyl. Prefeiredalkynyls are strdght chain or branched al^^ As 
defined herein, an alkynyl may optionally be substitated by the optional 
substituents described above for alkyl. 

[0056] The term '^aiyl" denotes a mono-, bi-, or poly-cyclic, conjugated or 

5 fused residue ofan aromatic hydrocarbon ring system. The term also includes 
aryl group fused to a monocyclic cycloalkyi or monocyclic cycloheteroalkyl group 
in which the point of attachmait is on flie aromatic portion. Examples of arjl 
substituente are phenyl, biphenyl, naphthyl indanyl, indenyl, tetrahydron^hthyl, 
2,3-dihydrobenzofiiranyl, dihydrobenzopyranyl, 1,4-benzodioxanyl groups, and 
10 the like. An aiyl group may be optionally substituted by one or more substituents 
as herein defined. Accordingly, "aiyl" as used herein also refers to a substituted 
aryl. 

[0057] The term "heteroaryl" denotes a mono-, bi-, or poly-cyclic 

conjugated or fiised aromatic heterocyclic ring syst^, wherein one or more 

1 5 carbon atoms of a cyclic hydrocarbon residue is substituted with a heteroatom to 
provide a hetearocyclic aromatic residue. Where two or more carbon atoms are 
replaced, the replacing atoms may be two or more of the same heteroatom or two 
different heteroatoms. Suitable heteroatoms iuclude O, N, S and Se. Preferably, 
each ling of a bicyclic or polycyclic compound contains 5 or 6 atoms. Examples 

20 of heteroaiyls include pyridyl, 4-phenylpyridyl, 3-phenylpyridyl, thienyl, fuiyl, 
fiiranyL, pyrrolyl, indolyl, imidazolyl, oxazolyl, isoxazolyl, oxadiazolyl, 
diiadiazolyl, fliiazolyl, imidazolyl, triazolyl, tetxazolyl, triazmyl, thienyl, 
pyridazinyl, pyrazolyl, pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl, 
benzofiiranyl, benzothiophenyl, benzothienyl, purinyl, quinazolinyl, phenazinyl, 

25 acridinyl,benoxazolyl,benzothiazolyl,benzimidazolyl and the like. As defined 
herein, a hetecoaryl group may be optionally further substituted by one or more 
substitaents as described above. 

[0058] "Cycloheteroalkyr means mono- or bicyclic or bridged saturated 
rings containing at least one heteroatom, preferab^N, S or 0, each of said rings 
30 having fixmi 3 to 10 atoms in which the point of attachment may be carbon or 

nitrogen. The term also includes monocyclic heterocyclic rings fiised to an aryl or 
heteroaiyl group in which the point of attachment is on the non-aromatic portion. 
Examples of "cycloheteroalkyr include pyrrolidmyl, piperidinyl, piperazmyl, 
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imidazolidiDyly 23-dihydrofiin)(2,3-b)pyridyl, benzoxazinyl, 
tetraliydroquiiiolinyl, tetishydroisoquiDoIinyly dihydroindolyl, and flie like. Hie 
term also includes partially unsaturated monocyclic rings that are not aromatic, 
such as 2- or 4-pyridon6S attached through the nitrogen or N-substituted-(lH»3IQ- 
S pyrimidme-2,4-diones ^-substituted uracils). 

[0059] "Halogen** inchides fluorine, chlorine, bromine and iodine. 

[0060] When any variable radical (eg., R^ etc,) occurs more flian once 
in any constituent or in Formula I or n, its definition on each occunence may be 
independent of its definition at every oflier occurrence. Also, combinations of 
1 0 substituents and/or variables are pemiissible only if such combinations result in 
stable, characterizable compounds. 

[0061] The term ^'substituted" shaU be deemed to include multiple degrees 
of substitution by a named substituent Where multiple substituent moieties are 
disclosed or claimed, the substituted conq>ound can be independendy substituted 
15 by one or more of the disclosed or claimed substituent moieties, singly or plurally. 
'^Independently substituted" means that the {two or more) substituents can be the 
same or different 

[0062] Compounds of Formula I or II may contain one or moie 
asymmetric centers and can thus occur as lacemates and lacemic mixtmes, single 
20 enantiomers, diastereoisom^c mixtures and individual diastereoisomers. Various 
embodiments of the disclosure encompass all such isomeric forms of the 
compounds of Formula I or n. 

[0063] Some of flie compounds described herein contain olefimc double 
bonds, and unless specified otherwise, are meant to include both E and Z 

25 geometric isomers. 

[0064] Some of the compounds described herein may exist as tautomers, 

wherem the hydrogen atom is bonded at alternative sites. An example is a ketone 
and its enol form (keto-enol tautomers). Individual tautomers as well as mixture 
thereof are encompassed by the compounds of Formula I. 

30 [0065] Compounds of the Formula lorn may be separated into 

diastereoisomeric pairs of enantiomers by, for example, fractional crystallization 
from a suitable solvent, for example methanol (MeOH) or efhyl acetate (EtOAc)or 
a mixture thereof. The pair of enantiomers thus obtained may be separated into 
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individual stereoisomers by conventional means, for example by the use of an 
optically active amine or add as a resolving agent or on a chiral high performance 
liquid chromatography (HPLC) colmnn. Alternatively, any enantiomer of a 
compound of the general Fonnula I or U may be obtained by stereospecific 
5 synthesis using optically pure starting materials or reagents of knomi 
configuration, 

[0066] It is generally preferable to administer compounds of the present 

invention as enantiomerically pure formulations. Racemic mixtures can be 
separated into their individual enantiomers by any of a number of conventional 

to methods- These include chiral chromatography, derivatization with a chiral 
auxiliary functional group followed by separation by chromatography or 
crystallization, and fractional crystallization of diastereoisomeric salts. See^for 
example^ B. M. Trost, Stereocontrolled Organic Synthesis, Blackwell 
Science,1994 (incorporated by reference in its entirety). 

15 [0067] The term '^hannaceutically acceptable salts" refers to salts 

prepared from phaimaceutically acceptable non-toxic bases or acids including 
inorganic or organic bases and inorganic or organic acids. Salts derived from 
inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous, 
litiiium, magnesium, manganese, potassium, sodium, zinc, and the like. 

20 Particularly preferred are tibie axmnonium, calcium, magnesium, potassium, and 
sodium salts. 

[0068] Salts derived from organic bases include salts of primary, 

secondary, and tertiary'amines, substituted amines includii^ naturally occurring 
substituted amines, cyclic amines, and basic ion exchange resins, such as aiginine, 

25 betaine, caffeine, choline, N,N'-dibenzylethylenediainine, diethylamine, 2- 

dielhylanmoeffaanol, 2-dimetiLylaminoethanol, ellianolamine, eftylenediannne, N- 
elhylmorpholine, N-elhylpiperidine, ghicaroine, glucosamine, histidine, 
hydrabamine, isqpropylamine, lysine, mefbylglucamine, moxpholine, piperazine, 
piperidine, polyamine resins, procaine, purines, theobromine, triefhylamine, 

30 trimethylamine, trq)ropylamine, trimelhamine, and the like. 

[0069] The term *^hannaceutically acceptable salf * fiirlfaer includes all 

acceptable salts such as acetate, lactobionate, benzenesulfonate, lamate, benzoate, 
malate, bicarbonate, maleate, bisnl&te, mandelate, bitartrate, mesylate, borate, 
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]netliyIbioinide» bromide, methylnitiate, calcium edetate, methylsulfete, 
camsylate* mucate, caibonate, napsylate, cMoride, nitrate^ clavulanate, N- 
methylglucamizie, citrate, ammomum salt, dihydrochloride, oleate, edetate, 
oxalate, edisylate, pamoate (embonate), estolate, palmitatB, esylate, pantofhcnate, 

5 fumarate, phospliate/dq>hi>sphate, gluceptate, polygalacturonate, gluconate, 
salicylate, glutamate, steamte, glycollylarsenilate, sulfate, bexylresorcinate, 
sttbacetate, hydrabamine, succinate, hydrobromide, tannate, hydiocbloride, 
tartrate, hydroxynaphllioate, teoclate, iodide, tosylate, isothionate, trietiiiodide, 
lactate, panoate, valerate, aod Ae like. These can be used as a dosage form for 

10 modifying the solubility or hydrolysis chaiactBristics of the inventive compounds, 
or can be used in sustained release, delayed release, or pio-drug formulations. 
[0070] It will be understood fbat reference to a compound of Formula I or 

n is intended to include any phaimaceutically acceptable salt of the compound. 
[0071] A compound embodying an aspect ofHiis invention is a ligand and 

1 5 modulator of the CBz-R. A given compound may be tested for its ability to bind 
directly to CBi-Rs, to inhibit binding of a known ligand, and/or to determine the 
parameters of its binding (Bmax, Kd, etc.) using any conventional method. The 
conqx>und may also be tested m an in vivo or in vitro model system, alone or in 
the presence of selective cannabmoid receptor antagonists, for (a) cannabimimetic 

20 activity and/or other biological outcomes related to the immune suppressive, 
antiinflammatory or antinociceptive objectives of the present invention. 
[0072] The compounds of the preferred embodiments may be labeled with 
a detectable label. Many detectable labels are well known for use herein. General 
classes of labels which can be used in evaluating use&l compounds include 

25 radioactive isotopes, paramagnetic isotopes, and compounds which can be imaged 
by positron emission tomogr^hy (PET), fluorescent or colored compounds, etc. 
Suitable detectable labels include radioactive, fluorescent, fluorogenic, or 
chromogenic labels. 

[0073] Useful radiolabels (radionuclides), which are detected simply by 

30 gamma counter, scintillation counter or autoradiography include ^ ^^C, ^^S, ^^Cr, 
and ^^^1. Other useful radionucKdes are ^Tc, "V ^Cu, ^^Ga, ^^Ga, 
^As,«^Zr,''^and^^Tl. 
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[0074] Common fluorescent labels include fluorescein, diodamine, dansyl, 

phycoeiythrin, phycocyanin, allophycocyanin, c»-phthaldehyde and fluorescamine. 
The fluoxophore, such as the dansyl group, must be excited by light of a particulaT 
wavelength to fluoiesce. See, for example^ RJP. Haugland, Handbook of 
5 Fluorescent Probes and Research Chemicals, Sixfii Ed., Molecular Probes, 
Eugene, OR, 1996). 

[0075] In situ detection of the detectable label may be accomplished by 

removing a histological specimen fiom a subject and examining it by microscopy 
under appropriate conditions to detect the label. Those of ordinary skill will 
10 readily appreciate that any of a wide variety of histological methods (such as 
staining procedures) can be modified in order to achieve such in situ detection. 
Bioassavs for Cannabinoid Binding or Biochemical Acttvitv 

A. In Vivo 

[0076] Numerous pharmacological effects are mediated via Ihe 

1 S cannabinoid receptors. Several basic notions embraced by tlie preferred 

embodiments are (1) pharmacological measures in animals that are representative 
of cannabinoid effects in humans (2) characterization of elfects that are clearly 
attributable to cannabinoid ligands (z.e., mediated through cannabinoid receptors), 
and (3) the practical consideration of selecting pharmacological effects that can 
20 be quantified and readily obtained. Using these criteria, pharmacological effects in 
vivo can be attributed to die activation of cannabinoid receptors as is discussed 
throu^out this document 

[0077] In vivo systems for testing immune reactivity and its inhibition 

have been described in the Background section or are disclosed further below. 

25 [0078] Assay of Antinociceptive Acttvitv 

Anti-nociceptive effects of the compounds may be tested using any known 
animal test for opioid mediated analgesia. Most commonly used in small anim al?^ 
such as rodents, are the formalin test (inescapable painful stimulus), the 
measurement of tail flick latency (escapable painful stimulus) or paw lick latency 

30 in response to heat (*liot plate tesf) or a response to paw pressure. Chapman CR 
et aiy 'Tain measurement an overview/* Pain 22:1-31, 1985, reviews and 
examines the practice and theoretical basis of pain measurement in animal 
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research, human subjects^ laboiatoiy investigation and clinical stady. See abo, 
Zimmennann M: **Ethical guidelines for investigations of e?q>eriniental pain in 
consdous animals." Paw itf: 109-110, 1983;CodeneTJ,e/fl/.,Pfl/niftl3-23, 
19i4;Ros\mdmet aL, Pharmacol ToxicoL ($7:111-1115, 1987. Largeranimal 
S tests are also known in the ait A laser-based mediod to measure thermal 
nociception in dairy com is based on measuring behavioialiesponses (tail 
flicking, kicking) to a conqmter-controlled CO2 laser beam applied to the skin on 
the caudal aspect of fhe metatarsus (Herskm MS ei ai^J. Anim, ScL 57:945-954, 
2003). 

10 [0079] Formalin Test: 

Subcutaneous iigection 25-100 |xl of diluted formalin (in the range of 2.5- 
10% v/v in saline) is now a widely used rodent model for studying nociception. 
The injection generates behavioral responses diat last from several minutes to irp 
to more than 1 hour. Injection of formalin into the hindpaw of a rat induces a 

1 5 biphasic response in pain-related behaviors, such as C-fiber actrvation during 
phase 1, which triggers a state of central sensitization chaiact&rized by a long 
lasting phase 2. Pain related behaviors inay be quantified by counting tiie 
incidence of spontaneous flinching of ^ injected paw or fhe duration spent in 
licking of tiie injected paw. Flinchiog is one pain-related behavior of the formalin 

20 model charaderized by spontaneous, mpid, teief shaking or lifting of the paw. 
Accordingly, each episode of shaking, vibrating or lifting of fhe paw may be 
counted as one flinch. FUnching or licktug may be used as a measure of assessing 
pain because eitiier of them is more spontaneous than other formalin pain-related 
behaviors (ag:, favoring) and consequentiy, is thought to be more reliable for this 

25 purpose. A nociceptive score is determined for each time block, 5 mimites, 
by measuring the sum of duration of the behavior. A unit of one flinch may be 
defined by a sm^e episode of lifting of fhe paw. Flinches may be counted for a 
total of 60 minutes at 5 minute intervals afier plantar subcutaneous injectioiL See^ 
for example, DubuissonDe^ al. Pain 4:161-174, 1977; AbbottFV etal, 

30 Pharmacol Biochem Behav 15:637-640, 1981; Fanselow MS, Behav Neurosci 98: 
79-95, 1984; Ham et aL, Naunyn Sckniiedebergs Arch Pharmacol. 325:248-253, 
1984; Shibata M et al,\ Pain 35:347-352, 1989; Wheeler-Aceto H oi, 
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Psychopharmacology i0^:35-44, 1991; Rosland JH, Pain 45:21 1-216, 1991; 
Codetre TJ et aL.Pcmi 5^:43-50, 1993; Clavelou P et al, Pom 62:295^301, 1995; 
Aloisi AMetaL, Physiol Behav J*:603-10, 1995; Lee, I-O et al. Acta 
Anaesthesiol Sin 38:59-64, 2000. 

5 R IN VITRO 

L BindinzAssavs 

[0080] The most widely used ladiolabeled cannabinoid receptor probe is 
[^HICP55940. Because CP55940 has approximately equal afifinity for CBi and 
CB2 binding sites ^ Table 1), displacement assays with [^H]CP55940 fliat are 

1 0 directed at chatactBrizing the binding properties of novel unlabeled ligands are 
generally performed with membranes that are known to contain either CBi or 
CBi-Rs but not both receptor types. These membranes are often obtained from 
cells transfected with CBi or CBa-Rs. An alternative practice has been to use 
tissues that express dense populations of the receptor type naturally^ usually 

1 5 spleen or other lymphatic tissue for CBa-Rs, Although most cannabinoid 

receptors in the spleen are CBz-Rs, some CBi-Rs are expressed here as well (see 
below). A preferred specific assay is discussed in more detail below. 
[008 1] Camiabinoid receptor material and ligands are commercially 

available, for example, fiom Perkin-Ehner at the World Wide Web address: 

20 las.perldnelmerxom/ . Cannabinoid Receptor Subtype CB2 (human recombinant, 
HEK293 EBNA) is available for 100 assays under the Catalog # 
RBXCB2MIOOUA or 400 assays (Catalog #RBXCB2M400UA). The company's 
"Membrane Target Systems" are quality assured frozen membranes from cells that 
express recombinant or endogenous receptors and are tested in saturation 

25 radioligand binding to determine receptor density (Bmax) and afiSnity (Kd) and 
pharmacological analyses. Membranes are carefully prepared and ready for a 
variety of HTS applications, including radioligand binding (using either proximity 
methods, such as FlashPlate®, or classical filtration methods) and fluoiescence 
polarization methods. This vendor also provides [Side Chain-2,3,4-^H(N)]-CP 

30 55940 (Ima (BTMBq) under tbe Catalog # NET1051001MC. The molecular 
formula of this compound is C24H40O3 and its molecular weight is 376 Da. The 
company materials reference the following publications: A.C. Howlett et al , Mol 
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PharmacoL, 35:297-302 (1988); WA. Devane ei al,, MoL Pharmacol, 34:605 
(1988); M Hericenham et oL, Proc. Natl Acad. Ski, USA, 57:1932 (1990). 
[0082] Other conmeicially available probes with higlh afiSnity for CB2-R 
include {^H]HCr-243, wbich binds equally well to CB] and CB2-R (E>evanB ei al, 
5 1992a; Bayewitch et al, 1995), and [Side Chain 5,7-naphfliyl 3H].WIN55212-2, 
which has maiginally gieater afBnity for CB2 (Howlett et al., supra; Pertwee, 
1999, supra). Hus material is also supplied by Peddn-Ehner under tfie Catalog 
it^NETlOSSOOlMC. The molecular formula of this compound is C27H26N2O3 and 
its molecular weight is 426 Da. 

10 [0083] Other radiolabeled ligands have been developed as potential probes 
for human single photon emission conoputed tomography (SPECI) or positron 
emission tomography (PET) e^Eperiments. Ihese are ^^I-labeled analogs of 
AM251 andAM281 (Jjanetal., l996;GB&eyetal,LifeSci61:PU9l-PL197, 
1997; Gatley et aL^ JNeurochem 70:417-423, 1998) and an ^^F-labeled analog of 

15 SR141716A (SR144385) (Barfli, Exp Opin Ther Patents 8:301-313). 
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2. Inhibition o f cAMP PrndurHnn 
[0084] The ability of CB2-R agonists to inhibit basal or drug-induced 

cAMP production is widely exploited for the quantitative, functional bioassay of 
cannabinoids in vitro (see, for example, Pertwee, supra). It is possible to achieve 
CBz-selectivity by performing flie assay in the presence of an adequate 
concentration of a selective CBi antagonist or by performing assays usmg cells 
transfected with CB2-RS (or membranes thereof). Cultured cells transfected with 
CB2-RS are particularly sensitive to the inhibitory effect of cannabinoids on cAMP 
production. Cells that express CB2-RS naturally (e.g., mouse spleen cells and 
human blood lymphocytes) are relatively less sensitive to cannabinoid-induced 
inhibition of cAMP production (Pertwee, Pharmacol Ther 74:129-180, 1997). 

5. f ^^SJGuanosine-5 ''0'(3-thiotrivhosvhate) Binding Assay 
[0085] This bioassay exploits the coupling of CB2-RS to G proteins. It 

relies on the increase in G protein afiSnity for GTP (and hence [^^SjGTPyS) that is 
triggered by the occupation by agonist molecules of CB2-RS, the measured 
response being net agonist-stimulated [^^S]GTPyS binding to G protein. The assay 
can be performed with the same range of tissue preparations that are used for the 
cAMP assay, again in the presence or absence of selective CBi antagonists. In 
addition, [^^S]GTPyS may be used in autoradiography experiments with tissue 
sections. To minimize background [^^S]GTPyS binding and maximize agonist- 
induced stimulation of binding, high amounts of GDP and sodium chloride are 
usually added to the bioassay system {e.g., Breivogel et al, J Biol Chem 
273:16865- 16873, 1998). Since GDP decreases basal binding of [^^S]GTPyS to 
a greater extent than agonist-stimulated binding, the overall consequence of 
adding GDP is an increase in net agonist-stimulated [ ^^S]GTPyS binding. The 
extent to which net agonist-stimulated [ ^^S]GTPyS binding can be enhanced in 
this way is limited by the concentration-related inhibitory effect that GDP has on 
absolute levels of bofli basal and agonist-stimulated binding. The [ ^^S]GTPyS 
assay is less sensitive than the cAMP and isolated tissue assays described herein. 
Presumably, this is because the measured responses in these other bioassays are 
located further along the signaling cascade than G protein, so that there is gieater 
signal ampliJBcation. Tbe [^^SJOTPyS assay should be independent of any 



31 



wo 2005/021547 



PCT/IJS2004/027809 



variations fhat may exist between tissues in Hie relative contribution made by 
dififeient G protein-coupled effector medbanisms because it provides a total 
measure of G protein-mediated cannabinoid receptor activation rather llian a 
measure of the activation of just one particular cannabinoid receptor effector 

5 mechanism as in the cAMP assay. 

4, Various Practical Considerations in Assays 
[0086] Caxmabinoids are g^erally highly lqx>philic and demonstrate 

relatively low water solubility. This low water solubility bas prompted the 
development of tiie water-soluble cannabinoid receptor agonist O-10S7 (Pertwee 

10 et al., Br J Pharmacol 129:1577-1584, 2000). The lipophilic nature of most CBz- 
R binding agents, however, necessitates the use of nonaqueous vehicles for 
assessing tiieir various activities. Commonlyusedvehiclesforthein vrvoor in 
vitro administmtion of cannabinoid receptor agonists and aiitagonists include 
ethanol, dimethyl sulfoxide, polyvinylpyrrolidone, Tween-80, 200 or 400, 

1 S Cremophor, Emulphor, and bovine semm albumin (BSA). These are used singly 
or in combination, either by themselves or mixed with water or saline. Vehicle 
control experiments are inq>ortant when the vehicle is suspected of having its own 
biological activity. 

Measurement of Cellular S iffial TranRdiicfinn 

20 [0087] Agonist stimulation of CBi-R activates a number of signal 

transductionpalfaways via tiieGi/ofiunily of G proteins. In CHO cells expressing 
recombinant hCBi-Rs, [^^S]GTI^ binding is stimulated by anandamide as a 
partial agonist compared with HU-210, whereas 2-a]:achidonoylglycerol is a full 
agonist Free Gia proteins regulate aidenylyl cyclase, leading to an inhibition of 

25 cAMP production. The consequent danq>ing of phosphorylation by protein kinase 
A can modulate signaling pathways, sudi as tiiat of ion chaimels and focal 
adhesion kinase. Values of potency and relative intrinsic activity may differ for 
the various signal transduction patiiways. 
i. Repdation ofAdenvlvl Cyclase 

30 [0088] Inhibition of adenylyl cyclase has been characterized in human 

lymphocytes and mouse spleen cells esqiressmg CB2-R (see Hewlett et ai, supra; 
Pertwee, 1997, 1999, stq>ra, for review). The SbucI that cultured cell Unes Ifaat 
express recombinant CB2-RS lead to inhibition of cAMP production indicates tiiat 
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these receptor types are responsible for initiating this response. CB2-R-mediateed 
inhibition of adenylyl cyclase is pertussis toxin-sensitive, farther indicating the 
requirement for Gi/o proteins. The isoform of adenylyl cyclase expressed in cells 
may be a determinant of the outcome of cannabinoid receptor activation. 
5 2. Rezulation of Mitosm-Activated Protein Kinase (MAFK) 

[0089] MAPK is activated in cultured human promyelocytic HI/-60 cells 

possessing endogenous CBi-Rs and iu CHO cells expressing recombinant CB2-RS. 

3. Sisnal Transduction via Ceramide 
[0090] Primary astrocyte cultures showed fliat anandamide, A^-THC, and 

10 HU-210 increased glucose metabolism, phospholipid synthesis, and glycogen 

synthesis via an SR141716A-inhibitahle, but pertussis toxin-resistant mechanism. 
This type of response is also initiated by chronic stimulation of CBz-Rs on cells of 
a susceptible C6 glioma strain and involves increased ceramide synthesis via 
serine palmitoyltransferase, Raf-1 activation, and MAPK (p42/44) activation. 

15 4, Immediate Earh Gene Expression and Protein Synthesis Regulation 

[009 1] MAPK activation can be linked to expression of immediate early 

genes such as Krox-24 (the expression of which is stimulated via CB2-RS in HL- 
60 promyelocytes (Bouaboula et ai^ supra). 
Screening of Cannabfaioid Receptor Li^ands for Rindinfy 

20 [0092] In a preferred embodiment, potential caimabinoid receptor hgands 

are screened for the ability to competitively inhibit the binding of a radioligand for 
the CB2-R such as [3H]CP-55,940 or [3H]WIN-.5 5,2 12-2 to membrane 
preparations isolated jfrom HEK293 cells transfected with DNA encoding CB2-R. 
Li another embodiment, other types of cells derived from an aninoal, such as rat or 

25 mouse, or in continubus culture (or subcellular material) expressing the CB2-R 
may be used. Such cells may naturally express the C3B2-R or may express it as a 
result of transfection with DNA encoding CB2-R. 

L Membrane-Based Binding Assay ' 
[0093] The following is a preferred assay using human CB2-R and CBi-R 

30 expressed in HEK293 cells. In round-bottom 96 well plates, test compounds are 
serially diluted (1:10; 100 ^d/well) from 20 pM in assay buffer (50 niM Tris-HQ, 
2.5 mM EGTA, 5 mM MgCfe, 1 mg/ml BSA; pH 7.5) from stocks (2 mM) 
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prepaied in propylene glycol Five concentrations of each test compound are 
assayed in a final concentration range of 10^ M to 10'^ M. Positive and negative 
controls (100 ^1 each, in triplicate) containing no inhibitor are included in each 
assay plate. To all wells, containing the test compound or Ifae positive control, 
5 [^H]WIN-55,212-2 (Peikin-Bhner Catalog #NBT1058; specific activity= 41 
Ci^unol; 24.39 pM) is added, diluted in assay buffer to a concentration of 0.375 
nM (80 iiil/well - final concentration of 0.1 S nM). To the negative control wells is 
added assay buffer (80 (il). To all wells is added (he CBi membrane preparation 
(Peikin-Ehner Catalog #RBXCB2M; 20 (il/well), which has been previously 

10 diluted with assay buffer according to fhemanii&ctureisinstnicti The plates 
are incubated for 1 .5 hours at 37°C» before the membranes are harvested onto 
glass-fiber mats that have been pre-wetted (3x} with 0.05% po^(e11]ylene)i[nin6 
(PEI). Ihe mats are washed (lOx) with distilled water and completely dried prior 
to adding scintillation cocktail (Microscint-0; Peiidn-Elmer Catalog #601361 1). 

1 5 Bound radioactivity of tiie plate(s) is measured in a Packard TopCount NXT 

microplate scintillation counter and tfie cannabinoid inhibitoiy activity of the test 
compound(s) detennined (where activity is inversely proportional to tiie amount 
of zadio-ligand bound). Non-linear regression analysis of the resulting data is 
performed using GraphPad Prism 4 (GraphPad, San Diego, Calif.). 

20 [0094] Tbis assay is advantageous as it can be conducted in a 96-well 
format that is readily automated. Different labeled cannabinoid ligands can be 
substituted into fhe assay. The recombinant cannabinoid receptors may be 
obtained fix)m commercial sources and can be pressed in cultured CHO cells, 
HEK293 cells or insect (e.g:, Spodoptera frugjperdd) cells. 

25 2, Whole Cell Assay 

[0095] Test compounds are serially diluted in assay buffer (SO mM Tris, 1 
mM EDTA4Na, 4mM NaHC03> , 0.2% BSA, 0.95% Hank's balanced salt 
solution (HBSS) at pH 7.4) firom stocks prepared in propylene glycol. Aliquots 
(10 ^1) are transferred into 96-weIl microtiter plates. Rodent spleen cells ate 

30 collected, dispersed through a stainless steel mesh. Contaminating red blood cells 
in the preparation are then lysed (154 mM >IH4C1, 12 mM NaHCOa). The spleen 
cells are washed witii ''cell buffer" (2 mM EDTA-4Na, 3 mM MgCla, and 50 mM 
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Tris at pH 7.4) and resuspended in the same buffisr at 2 x 1 0^ cells/ml. Aliquots 
(50 of cell suspension were added to each weD of the microtiter plate. 
[0096] The binding reactions are initiated by addition of WIN-55;212-2 

(specific activity= 40-60 Ci/mmol) in assay buffer to each wdl of the microtiter 
5 plate (40 pi). Each 100 pi reaction mixture contains about 2.4 nM of the 
radioligand. Following incubation for 3 hours at 4**C, the membranes are 
harvested onto glass-fiber mats, that had been pre-wetted (3x) with 0,05% 
poly(ethytene)imine (PES). The mats are washed (1 Ox) with distilled water and 
completely dried prior to adding scintillation cocktail (Microscint-O). Bound 

1 0 radioactivity of the plate(s) is measured in a Packard TopCount NXT microplate' 
scintillation counter and the cannabinoid inhibitoiy activity of the test 
compound(s) is determined (where activity is inversely proportional to the amount 
of radiohgand bound). Non-linear regression analysis of the resulting data is 
performed using GraphPad Prism 4 (GraphPad, San Diego, Calif). 

15 Antibodies to CB^R 

[0097] Polyclonal and monoclonal antibodies specific for cannabinoid 

receptors may be used for isolation and assay of receptor material or cells bearing 
receptor, for enumeration and identification of cells bearing receptors, etc. Such 
antibodies are commercially available. For example: 

20 [0098] A Reagents from United States Biolo^cal (Swamuscott, MA) 

1 . Rabbit anti-rat CB2-R polyclonal antibody, unconjugated 

2. Rabbit anti-human CB2-R polyclonal antibody, unconjugated 
These antibodies are suitable for use in, inter alia. Western Blot, EUSA, and 
immunohistochemistry of parafonnaldehyde-fixed tissues. Recommended 

25 dilutions for Westem blots are l-lOpg/tel using ECL; for iromunohistochemistry: 
2-lOfig/ml on paraformaldehyde fixed tissue; for ELISA 1:10,000-1:100,000 
using about 50-1 OOng control peptide per well. Optimal dilutions are be 
determined by the user. 

[0099] 5. Reagents iromAfRnitvBioReaQents Inc. (Golden. CO) 

30 1 . Unconjugated rabbit anti-human CBrR polyclonal antibody (Catiif 

PAI.744) 
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2. Unconjugated rabbit and-rat CB2-R polyclonal antibody (Cat# 
PAl-746) 

Hiese antibodies are designed for use in, inter aHa^ immunocytochesnistry, 
immunoliistocheaiistcy» Western Blot, etc. They axe provided as afiBnity purified 

5 IgG in PBS containing 50% glycerol, 1 mg^l BSA and 0.05% sodium azide. 
[0100] PAl-744 detects CB2-R fi:om human tissues and has been 

successfully used in Western blot and immunocytDchemistiy procedures. By 
Western blot, fliis antibody detects an -60 kDaptotein representing CB2-R from 
human spinal cord homogenate. The antigen used to make the PAl-744 antibo^ 

10 is a fusion protein containing the fiist 33 amino acid residues fiom human CB2-R 
[0101] PAl-746 detects CB2-R from human and rat tissues as well as 

transfected rat CB2-R- PAl -746 has been successfully used in 
immunocytochemistry procedures. Immunocytochemical staining of AtT20 cells 
transfected with die rat CB2-R gene with PAl-746 yields a pattern consistent with 

15 plasma m^brane staining. The antigen used to make PAl-746 is a fusion protein 
containing the first 32 amino acid residues fix)m rat CB2-R. 
[0102] C. Reagents from CHEMCON International, Inc. (Temecula, 

CA) 

1 . AflBarity-puiified polyclonal rabbit anti- CB2-R (N-tenninus) antibody, 
20 Ca1#AB5640P 

Immunogen: Human CB2-R, N-terminal peptide 

2. AfiSnity-puiified polyclonal rabbit anii- CB2-R (C-terminus) antibody, 
Cat#AB5642P 

Immunogen: Rat CB2-R,C-terminal peptide 
25 [0103] AB5640P recognizes human CBrR. The immunogen shows no 
significant sequence homology with CBi-R. The immunogen peptide is unique to 
human. 

[0104] ABS642P recognizes rat CB2-R. The immunogen shows no 

significant sequence homology widi CBi-R.. The immunogen peptide is 88% 
30 conserved in mouse and 82% in human. Reactivity witii other species has not been 
confirmed. 
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CeUnlar Assays 

(1) Monocyte/Macrophage Cytokine Prodiictioii 

[0105] Isolated or enriched human monocytes, freshly prepared, or the 

himian monocytic cell line THP-1, are incubated at 10^ cells/ml in RPMI 1640 
5 media containing 10%FBS with the test compound for 30 minutes and then 

stimulated by the addition of either LPS (LPS) or immune complexes (IC). Cells 
are incubated for 6 h at 37^C. at which time the cell supematants are removed and 
assayed for cytokines (TNF, IL-ip, IL-6, IL-8) using commercially available 
ELISAldts. Caimbinoid agonists inUbit (he production of inflammatoiy 
10 cytokines. 

(2) TCeU Proliferation Assays 

[0106] The ability of the cannabinoids to mhibit the proliferation of 

normal human peripheral blood T cells that have been stimulated to grow with 
anti-CD3 plus anti-CD28 antibodies is evaluated. A 96-well plate is coated with a 

15 monoclonal antibody to CD3 (such as G19-4), flie antibody is allowed to bind, and 
then the plate is washed The antibody bound to the plate serves to stimulate the 
ceDs. Normal human perq)heral blood T cells are added to the wells along with 
test compound plus anti-CD28 antibody to provide co-stimulation. After a desired 
period of time (eg., 3 days), [^-thymidine is added to the wells, and after 

20 further incubation to allow incorporation of the label into newly synthesized 

DNA, the cells are harvested and counted in a scintillation counter to measure cell 
proliferation. 

(3) Degranulation of Mast Cells 

[0107] Cells of the basophihc leukemia line RBL 2H3 (an accepted model 

25 of mast cells or basophils) are cultured overnight in complete MEM at a 

concentration of 10^ cells/ml at 37°C in 100 pi medium. Test compounds in 50 |nl 
isotonic buffer are added and incubated for 2 hours at 37''C. Cell degranulation is 
triggered by the addition of 25 |il DNP-BSA IgE complex (300 ng/ml DNP-BSA) 
and incubated an additional 30 minutes at 37°C. Fifly [jl of the cell supernatant 
30 from each well is removed and placed in a second 96-well plate which contains 50 
^1 of substrate solution [90 ml NAGA (hex) buffer (70 ml 0.2M NaP04, 20 ml 
0.4M Citric Acid Monohydrate pH 4.5), 135 ml dHiO, 61 5 mg p-nitrophenyl N- 



37 



wo 2005/021547 



PCTAJS2004/027809 



acetyl D-glucosamine. The reaction is stopped by the addition of 100 fil NAGA 
stop solution (0.2M Glycine, 0.2M NaQ, 02M NaOH) and the plate read at a 
wavelengdi of 405 nm on a miciotiter plate reader. The compounds of the 
Examples herein show a desired activity in Ifae assays described. 
S [0108] A compound embodying a piefeiied aspect ofHiis invention is a 
li^d and modulator of fte CBrR^ and as such, is useful in the prevention and/or 
treatment of a disease or condition associated wifh inappropriate activity or 
inactivity of the CB2-R and any downstream signaling pathway linked thereto. 
Such diseases or conditions may be associated with alterations in the behavior of 
10 the CB2-R itseli^ such as its level of cell sur&ce ^ression, or with alterations in 
its intFacellidar signalling. 

[0109] As used herein, the term "inhibit includes its general meaning, 
i.e, stopping, preventing^ restraining, minimizing or slowing, reversing die 
progression or severity of symptoms of, a disease or disorder. 

15 [0110] The term "treating" is intended to inchide •'prevention," '"protection 
from," "suppression" or "therapy" of a disease or disorder. "Tievention" 
generally involves admimstration of the one or more compounds based on 
Formula I or Formula n, or a pharmaceutical composition thereof prior to the 
induction or q)pearance of the disease. Thus, for example, in &e animal model 

20 experimental autoimmune encephalomyelitis (EAE), successful administration of 
the fli^apeutic composition prior to injection of the encephalitogen (e.g,, myelin 
basic protein (MBP) that induces the disease results in *^revention" of disease. 
"Suppression" g^erally involves admimstration of at least one compound after 
the inductive event, but prior to tibe clinical appearance of disease. Again, using 

25 tiie EAE exanq>le, successful administration of a protective conq)osition aJRer 
injection of the encephalito^n, but prior to tiie appearance of neurological 
symptoms, comprises "suppression" of the disease. "Therapy" generally involves 
adrninistration of at least one compound after the appearance of disease. Ihthe 
EAE example, successful administration of a composition after injection of the 

30 encephalitogen, and after clinical signs have developed, comprises "therapy" of 
the disease. It will be understood that in human medicine, it is not always 
possible to distinguish between '^eventing" and "suppressing" since the ultimate 
inductive event or events may be unknown, latent, or not asc^tained until well 
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after the occurrence of the event or events. Therefore, it is common to use the 
term "prophylaxis" as distinct from 'treatment" to encompass both 'preventing" 
and "suppressing" as defined hereia Hie term "treatmenf * as used herein is 
meant to include "prophylaxis." As such, the present methods include both 
5 therapeutic and/or prophylactic administration of the compounds of the invention 
to *treaf' a disease or condition, 

[01 1 1] Compounds of the Formula I and Formula n may be used to treat 

humans or oflier mammalian subjects. The compounds of the preferred 
embodiments are considered to be particularly suitable for the treatment of human 
10 subjects. Non-human subjects may include primates, livestock animals {e.g., 
sheep, cows, horses, goats, pigs) domestic companion aniinals {e.g„ cats, dogs) 
laboratoty test animals (ag., mice^ rats» guinea pigs, rabbits) or captive wild 
animals. 

[0112] Accordingly, anoth^ aspect of the preferred embodiments is a 

15 method for the treatment of a disease or disorder or symptoms mediated by, or 
influenced by, binding of an endogenous or exogenous ligand to the CBz-R and 
subsequent activation of downstream signaling pathways and cellular activities. 
The method comprises administering to a mammalian subject, preferably a 
human, an effective amount of a compound of Formula I or IL 

20 [Oil 3] Compounds of Fomiula I and Formula n may be used to alleviate 

such diseases, disorderSj conditions or symptoms including, for example: 
rejection of an alio- or xenotransplant (such as organ transplant); protection from 
isclieniic or reperfiision injury such as that incurred during org^n transplantation, 
myocardial in&tcticm, stroke or other cause; induction of immunological tolerance 

25 to a transplant m aifliritic condition such as rheumatoid arfhritis (RA), psoriatic 
arOnitis or osteoarthritis; multiple sclerosis (MS); a respnatoiy and pulmonaiy 
disease including but not limited to asthma, chronic obstructive pulmonaiy disease 
(COFD), emphysema, bronchitis, and acute respiratory distress syndrome 
(ARBS); inflammatory bowel disease, including ulcerative colitis and Crohn's 

30 disease; lupus (SLE); graft vs. host disease; allergic including respiratory diseases 
(such as asthma, hay fever, allergic rhinitis); T-cell mediated hypersensitivity, 
including contact hypersensitivity (such as contact dermatitis including that 
caused by plant products such as poison ivy); other delayed-type hypersensitivity 
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responses; gluten-sensitive enteiopafiiy (Celiac disease); psoiiasis; urdcaiia or 
skin alleigies; scleiodeima; mycosis fimgoides; dennatomyositis; alopecia aieata; 
chronic actinic dermatitis; eczema; Behcet's disease; Pustulosis pabnoplanteris; 
Pyodenna gangrenum; Sezaiy's syndrome; atopic dermatitis; systemic sclerosis; 
5 morphea; T cell- or aniibody-mediated autoimmune diseases, including some of 
those mentioned above as well as autoimmune endocrine organ disease such as 
Hashimoto's thyroiditis, autoimmune hypertl^idism such as Graves' disease, 
Addison's disease (autoimmune disease of the adrenal glands), an autoimmune 
polyglandular disease or syndrome, autoimmune hypopituitarism; Sjdgrra's 
10 syndrome; pernicious anemia; vitiligo; Guillain-^Bane syndrome; 
glomerulonephritis; and serum sickness. 

[0114] The pfaiases ^'admiiiistiation of a compound'' arul/or "adrnirnstering 

a compound" mean providing a compound of the invention or a prodrug thereof to 
a subject, preferably a human, in need of such treatment by any acceptable route 

15 and in any effective dose. Combirmdons of compounds are also coriteniplated. 
[01 1 S] The therapeutic methods of the preferred embodiments include 
administration of an effective amount of at least one compound of Formula I or II 
to a subject in need of treatment or of prophylaxis of a disease or condition as 
disclosed heroin. The need for a propl^ctic administration is determined on the 

20 basis ofwell known risk fectors. The effective amount of a compound is 

determined, in the final analysis, by a health caro provider treating the subjection, 
and, as is well-known in the art, depends on &ctors such as the age, gender and 
weight of the subject ttie precise disease to be treated, the severity of the disease, 
the prosence of oth^ diseases or conditions, &e chosen route of administration, 

25 other concurrent dmgs or treatments, and other &ctors according to the provider's 
judgment 

[01 16] The utility of a compound of this invention may be demonstrated in 

an animal disease model that is known to be rolated to the disease or condition it is 
modeling. Examplesof such animal disease models are: (1) experimental 
30 autoimmune encephaloniyelitis (EAE), an inflammatory disease of the CNS that 
bears similarities to MS {see^for example Steinman, L., Scientific American^ 
2tfP:106-114 (1993).); (2) adjuvant arthritis {see, for examplCy Kayashima, K et 
at, 1978, J. Immunol 720:1127-1131), (3) streptococcal cell wall arthritis. 
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Mycoplasma arthritides airfliritis and collagen-induced arthritis (see, for example, 
Pearson, CM, Proc. Soc, Exp, Biol. MeeL 91:95 (1956); Cromartie, WJ. et al, 7. 
Exp. Med 146:l5i5 (1977); Trentham, DK et al, 1 Exp. Med. 146:%51 (1977); 
Chang, Y.H. et al, Artfiritis Rheum. 23:62 (1980)). 
5 [0117] The magnitude of a prophylactic or therapeutic dose or dose 

regimen of a given compound of Formula I or II will, of course, vary with the 
nature of the severity of the condition being treated and with Ihe particular 
compound of Formula I or n and its route of administration. It will also vary 
according to the age, weight and response of fee individual patient A prefearred 

10 daily dose range lies between about Ifig and about 100 mg per kg body wei^t, 
preferably between about 0.01 mg/kg to about 50 mg/kg, and most preferably 
between about 0. 1 mg/kg to about 10 mg per kg, in single or divided doses. It 
may be necessary to xise dosages outside these limits in some cases, as can readily 
be determined by one skilled in the art 

15 [0118] For intravenous administration, a suitable dosage range is between 

about 1 }xg/kg/day and about 25 mg/kg/day, preferably between about 0.01 
mg/kg/day and about 1 mg/kg/day. 

[01 19] Examples of effective .amounts or doses given by oral 

administration are between about 0.01 mg/kg/day and about 100 mg/kg/day, 
20 preferably between about 0. 1 mg/kg/day and about 10 mg/kg/day. The 

composition is preferably provided in the form of tablets containing ftom 0.01 mg 
to 1 g, pref(^bly 0.01, 0.05, 0.1, 0,5, 1, 2.5, 5, 10, 15, 20, 25, 30, 40, 50 or 1000 
mg of the active ingredient(s). 

[0120] For the treatment of diseases of the eye, ophthalmic preparations 

25 for ocular administration preferably comprise fix)m about 0.00 1 % to about 1 % by 
weig^ sohtion or suspensions of the compounds of Formula I or n in an 
acceptable ophthahnic formulation. 

[0121] Also provided herein is a pharmaceutical composition which 
comprises at least one compoimd of Formula I or n and a pharmaceuticaUy 
30 acceptable carrier. The tena ''composition," as in pharmaceutical composition, is 
intended tD enconqjass a product comprising the active iDgredient(s), preferably 
present in phaimaceuticaDy effective amounts, and the inert ingredient(s), /. e,, 
phaimaceutically acceptable excipienls, that make up the carrier^ as well as aiiy 
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product which results, directly or indirectly^ fixnn combination, complexation or 

aggregation of any two or more of Ae ingredients, or from dissociation of one or 

more of Ite ingredients, or fiom other types of reactions or interactions of one or 

more of the ingredients. Accordingly, a pharmaceutical composition of the present 

5 invention encompasses any composition made by admixing at least one compound 

of Fomiula I or Fomula n, one or more additional active ingredients, and 

I 

phaimaceutically acceptable excipients. 

[0122] The phrase '^harmaceutically effective amounf or a 
"therapeutically effective amount^' of an active ingredient such as a conq)ound of 
1 0 stmctuial Formula I or n is intended to encompass amounts of the ingredient tiiat 
will elicit Ifae biological or medical response in a tissue, system, or animal 
(preferably human) that is being sought by the researcher or health care provider 
and are tiierapeutically or prophylactically useful in treating or preventing disease 
as described herein. 

IS [0123] Dosage forms include tablets, troches, dispersions, suspensions, 

solutions, capsules, creams, ointments, aerosols, suppositories and the Uke. 
[0124] Fhannaceutical conq)ositions embodying aspects of the invention 
may comprise a compound of Formula I or n as an active ingredient or a 
pharmaceutically acceptable salt thereof and may also contain a pharmaceutically 

20 acceptable carrier, and optionally, other therapeutic ingredients. By 

**pharmaceutically acceptable" it is meant the carrier, diluent or excipient must be 
compatible with the other ingredients of the formulation and not deleterious to the 
recipient. In particular, the term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic bases or acids including 

25 inorganic bases or acids and organic bases or acids. 

[0125] Any suitable route of administration may be employed for 

providing a mammal, preferably a human, with an effective amount of a 
compound embodying an aspect of the invention. Oral and parenteral routes are 
included, examples of the latter being subcutaneous, intramuscular, intravenous, 

30 rectal, topical, buccal, ocular, intrapuhnonary, intranasal, and the like. When 
given mtravenousiy, the pharmaceutical composition may be injected or infused 
slowly, for example, by gravity infusion. 
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[0 1 26] The compositions are fonnulated in a maimer appropriate for each 

of said routes, including an ophliiahnic preparation for ocular administration, an 
aerosol for inhalation for intrapulmonary or for nasal administration. The most 
suitable route in any given case will dq)end on the nature and severity of the 
5 conditions being treated and on the nature of the active ingredient They may be 
conveniently presented in unit dosage fonn and prepared by any of the methods 
well-known in the pharmacy arts. See, for example Remington Pltarmaceutical 
Sciences, Gennaro, A.R., ed. 20th edition, 2000, Williams & Willdns PA, (or 
latest edition). 

10 [01 27] For administration by inhalation, a compound of the present 

invention is conveniently delivered in the form of an aerosol spray j&om a 
pressurized pack or nebulizer. The compound may also be deUvered as a powder 
which may be formulated; the powder composition may be inhaled with the aid of 
an insuflQation powd^ inhaler device. Preferred delivery systems for inhalation 

15 are (1) a metered dose inhalation (MDI) aerosol, which may be fonnulated as a 
suspension or solution of the coiiq)ound in a suitable propellant, such as a 
fluorocaibon c»r hydrocarbon, and (2) a dry powder inhalation (DPI) aerosol, 
which may be fonnulated as a dry powder of the conqx>und with or without 
additional excipients. 

20 [0128] Suitable topical formulations of a compound of the present 

invention Fonnula I or n include transdermal devices or, for dennal delivery, 
aerosols, creams, ointments, lotions, dusting powders, and the like. To be 
administered in the form of a transdermal delivery system, the dosa^ 
administration will, of course, be continuous rather than intermittent throughout 

25 the dosage regimen. Topical preparations containing the active drug conqxment 
can be admixed with a variety of earner materials well known in the art such as, 
eg., alcohols, aloe vera gel, allantoin, glycerin, vitamin A and E oils, mineral oil, 
PPG2 myristyl propionate, and &e like. Compositions suitable for topical 
administration in the mouth include lozenges comprising the active ingredient in a 

30 flavored base, usually sucrose and acacia or tragacanth gum; pastilles comprising 
the active ingredient in an inert basis such as gelatin and gjlycerin, or sucrose and 
acacia gum; and mouthwashes comprishig the active ingrediotit in a suitable liquid 
carrier. 
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[0129] The compounds of the present invention can also be administeied 
in flie fonn of lq>osonie delivery systems, such as small unilamellai vesicles, laige 
unilamellar vesicles and multilamellar vesicles. Liposomes can be formed from a 
variety of pliospholq>ids, such as cholesterol, steaiylamine or phosphatidylcholine. 
S [0130] Compounds of &e present invention may also be delivered using 

an antibody, preferably a monoclonal antibody (mAbs) as a carrier to which the 
compound molecules are coupled. The compounds ofthe present invention may 
also be coupled with soluble polymers as drug carriers. Such polymers can include 
polyvinylpyrrolidone, pyran copolymer, pol^droxypiopylmefhaciylamide 

1 0 phenol, polyhydroxyetfaylasparamidephenone or polyethylene oxide-polylysine 
substituted with pafanitoyl residues. Furthermore, the compounds of the present 
invention may be coupled to a class of biodegmdable polymers useful in achieving 
controlled release of a drug, for example, polylactic acid, poly-6-caprolactone, 
polyhydroxybutyric acid, polyorthoesters, polyacetals, polydihydropyrans, 

IS polycyanoacrylates and cross-linked or amphipathic block copolymers of 
hydrogels. 

[0131] Compounds of the present invention may also be delivered as a 

rectal or vaginal suppository enq)loying bases such as cocoa butter, glycerinated 
gelatin, hydrogenated vegetable oils, mixtures of pofyethylene glycols of various 

20 molecular weights and fatty acid esters of polyethylene glycol. 

[01 32] In practical use, die confounds of Formula I or 11 can be combined 

as the active iiigFedient(s) in intimate admixture with a pharmaceutical carrier 
according to conventional pharmaceutical compounding techniques. The carrier 
may take a wide variety of forms dep^ding on the form of pr^aiation desired for 

25 administration, e.g;, oral or parenteral (includiag intravenous). In preparing the 
compositions for oral dosage form, any of the usual pharmaceutical media may be 
employed Useful examples include, water, glycols, oils, alcohols^ flavoring 
agents, preservatives, coloring agents and tiie like, in the case of oral liquid 
preparations, such as, for example, suspensions, elixirs and solutions. Carriers, 

30 such as starches, sugars, microcrystalline cellulose, diluents, granulating agents, 
lubricants, binders, disintegrating agents and the Uke, may be used in the case of 
oral solid preparations such as, for example, powders, capsules and tablets. Solid 
oral preparations are preferred over liquid preparations. Because of their ease of 
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administration, tablets and capsules represent the most advantageoxis oral dosage 
unit form ia which case solid pharmaceutical carriers are obviously employed. If 
desired, tablets may be coated by standard aqueous or nonaqueous techniques. 
[0133] Additionally or alternatively, administration may be by osmotic 

5 minipump, or by any other controlled release method or formulation, all of which 
are well-known in flie art (see, jfor example, European Patent publications EP 
092918, EP 0166596; U.S. Patents No. 3,536,809; 3,598,123; 3,630,200; 
3,845,770; 3,916,899; 4,008,719; 4,789,516; 4,806,621; 4,877,606; 4,906474; 
4,925.677 and 4,942,035; Hsieh, DS et al, 1 Pharm. ScL 72: 17-22 (1983); 

10 Kaitsu, 1. et aL, J, Contr, Release 6: 249-263 (1987); Goedemoed, JJH. et al., 
MakromoL Chem, Symp. 19: 341-365 (1988); Yang, M3. et al, Cane, Res, 
^P:5103-5107 (1989); Greig,N. etal, J. Contr. Release 11:61-1% (1990); 
Jeyanfhi, R. et al, J. Contr. Release i3:91-98 (1990); Saltzman, WM et aL, 
Polymer Preprints 31-1:2456(1990)). The dosage administered will be 

15 dependent upon the age, health, and weight of the recipient, kind of concurrent 
treatment, if any, frequency of treatment; and flie nature of the effect desired. 
[0134] Pharmaceutical compositions embodying aspects of the invention 
suitable for oral administcation may be presented as discrete units such as 
capsules, cachets or tablets each containing a predetermined amount of the active 

20 ingredient(s), as a powder or granules or as a solution or a suspension in an 

aqueous liquid, a nooraqueous liquid, an oil-in-water emulsion or a water-in-oil 
liquid emulsion. Such cQniq>ositions may be prepared by any of the methods of 
phazmacy but all methods include tbe step of bringing into association the active 
ingred]ent(s) with a carrier which constitutes one or more necessary ingredients. 

25 In gmeral, the compositions are prepared by uniformly and intimately admixing at 
least one active ingredient with liquid carriers or finely divided solid carriers or 
both, and then, if necessary, shying the product into the desired presentation. For 
example, a tablet may be prepared by compression or molding, optionally witb 
one or more accessory ingredients. Compressed tablets may be prepared by 

30 compressing in a suitable machine, the active ingredient(s) m a fiee-fiowiog form 
such as powd^ or granules, optional^ mixed with a binder, lubricant, inert 
diluent, sut&ce active or dispersing agent Molded tablets may be made by 
molding in a suitable machine, a mixtarc of the powdered compound moistened 
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with an inert liquid diluent Desiiably, each tablet, capsule or cachet contains 
fix>ni 0.01 to 500 mg, preferably 0.01, 0.05, 0.1, 0.5, 1.0, 2.5. 3.0, 5.0, 6.0, 10.0, 
15.0, 25.0, 50.0, 75, 100, 125, 150, 175, 180, 200. 225, and 500 miUigrams of the 
active ingredient for the symptomatic adjustment of flie dosage to the subject 
5 being treated. 

[0135] The dose may be administered in a single daily dose or fte total 
daily dosage may be adimnisteied in divided doses of two, three or four times 
daily. Furthermore, based on tise properties of the individual compound selected 
for administiation, the dose may be administered less frequently, e.g., weeldy, 
10 twice weeldy, monthly, etc. The unit dosa^ will, of course, be correspondingly 
larger for the less fiequent administration. 

[0136] When administeied via intranasal routes, transdermal routes, by 
rectal or vi^jnal suppositories, or Ifarou^ a continual intravenous solution, ftie 
dosage administration will, of course, be continuous ratiier than intermittent 

15 throughout the dosage regimen. 

[0137] Compounds of Formula I or n may be used in combination wilh 

other drugs that are used in the treatment/pevention/suppression or amelioration 
of the diseases or conditions for which compounds of Formula I or n are usefiil. 
Such other drugs may be administered, by a route and in an amount commonly 

20 used therefor, contemporaneously or sequentially with at least one compound of 
Formula I or II. When a compound of Formula I or n is used contenq>oraneously 
with one or more otiier drugs, a pharmaceutical composition containing such other 
drugs in addition to the compound of Formula I or II is preferred. Accordingly, 
the pharmaceutical compositions of the preferred embodhnents may include one 

25 or more other active ingredients, in addition to at least one compound of Formula 
I or n. Dependmg upon the particular condition to be treated or prevented, 
additional therqjeutic agents, which are normally administered to treat or prevent 
that condition, may be administra:ed together with therapeutic inhibitors of 
Formula I or Formula n. 

30 [0138] For example, a compound of Formula I or II may also be combined 

with: 
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(1) an anti-inflaminatoiy agent or agents such as a corticosteroid, a blocher of 
tumor necrosis fector-a (TNFa) action, an IL-1 receptor antagonist, 
azatfaioprine, cyclophosphamide and sulfesalazine; 

(2) other immunomodulatoiy and immunosuppressive agents such as 

5 cyclo^orin, tacrolimus, lapamycin, mycophenolate, mofetil, and an 

interferon; 

(3) neuroactive agents such as acetylcholinesterase inhibitors, MAO 
inhibitors, anti-convulsants, ion channel blockers, riluzole, neurotrophic 
&ctors and anti-Paikinson's disease agents; 

10 (4) agents for treating cardiovascular disease such as beta bloclcers, ACE 
inhibitors, diuretics, nitrates, calcium channel blockers, and statins; 

(5) agents for treating liver disease such as corticosteioids, cholestyramine, 
interferons and anti-viral agents; 

(6) agents for treating blood disorders such as anti-leukemic agents and 
1 5 various growth &ctors; and/or 

(7) agents for treating immunodeficiency disorders such as gamma globulins. 

[0139] Those additional agents may be administered separately ftom the 

composition that comprises at least one compound of Formula I or II, as part of a 
multiple dosage reghnen. Alternatively, fliose agents may be part of a single 
20 dosage form, mixed together with at least one conq>ound of Formula I or Formula 
n in a single composition. 

[0140] The weigjht ratio of a compound of Formula I or II to a second 

active ingredient may be varied and will depend upon the effective dose of each 
ingredient Generally, an effective dose ofeach will be used Ihus, for example, 

25 when a compound of the Formula I or n is combined with a pa adrenergic agonist, 
the weight ratio of the compound of the Formula I or U to the Pa agonist will 
generally range from about 1000:1 to about 1:1000, preferably about 200:1 to 
about 1 :200. Combinations of at least one compound of Formula I or II and oth«r 
active ingredients will generally also be within the aforementioned range, but in 

30 each case, an effective dose of each active ingredient should be used. 

[0141] Treatment methods embraced by the preferred embodiments of this 

invention are based on the mventors' conception of modulating the CB2-R and 
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tceatmg CB2-R mediated diseases using compounds based on Fonnula I or 
Fonnula n. Such treatment mefliods may comprise administering to a patient in 
need of such treatment a non-toxic, fliexapeutically effective amount of a 
cannabinoid conopound that selectively activates Ihe CB2-R in preference to the 
5 CBi-R or other GPCRs. 

f mmnnnlo^cftl Studies in Vivo 

[0142] The conq)ound8 embodying aspects of the invention are evaluated 

for their immunosuppressive effect using any acceptable in vivo fonn or model of 
immune reactivily or immune-mediated (such as autoimmune) disease. 
10 [0143] One approach^ exemplified herein, is inducing a cell-mediated 

immune reaction of the type that was once classified as a "type IV 
hypersensitivily'' reaction. 

[0144] The methods described herein are recognized and well understood 

by diose skilled in the art and the principles of this can be found in many 

15 immunology text books such as A.K. Abbas et al, eds.. Cellular and Molecular 
Immunology (4th Ed.), W.B, Saunders Co., Philadelphia, 2000, C.A. Janeway et 
a/., eds,, Imvmnobiology, The Immune System in Health andDisease, 4fh ed., 
Garland Publishing Co., New York, 1999; Roitt, L e/ ai, eds. Immunology^ 5^ ed., 
C.V. Mosby Co., St Louis, MO (2001); Klein, J. et al. Immunology, 2"^ edition, 

20 Blackwell Scientific Publications, Inc., Cambridge, MA, (1 997). 

[0145] An animal, preferably a rodent, may be sensitized to a self protein 

(in practice skin is Ihe easiest tissue to use) by chemically modifying the 
protein(s) in this tissue thereby allowmg it to be *seen' as 'foreign' tissue by the 
immune system. This is done by exposing the skin to a reactive 'hapten' which is 

25 usually an alkylatmg or arylating agent that reacts covalently with and thereby 
modifies protein(s) in flie skin. Alternatively, the animal may be immunized by a 
foreign protein, such as bovine serum albumin (BSA) or keyhole limpet 
hemocyanin (KLH) or other conventional andgen, or by allogeneic or xenogeneic 
cells ("transplant"). 

30 [0146] Before, at the time ot or after sensitization or immunization, the 

compound bemg evaluated is administered to the animal by whichever route is 
desired at selected doses and intervals. Once sufficient time has lapsed for 
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innnunity to develop (in a control animal), the animals are challenged to assess 
their state of immunity. 

[0147] Inflie case of contact hypersensitiYity, animals are challenged by 

painting the ear pinnae with areactive hapten. The delayed hypersetisitivity (TDH) 
5 response is measured by measmdng ear thickness, which is a reflection of local 
recognition of antigen by antigen presenting cells, fibeir activation and lecruitment 
of T cells to the reaction site, and the release by the T cells or other effector cells 
of various mediators, typically cytoldnes, which cause an influx and extravasation 
of other inflammatory cells and fluids, resulting in thickening of the ear. Other 

10 forms of delayed hypersensitivity may be evoked and observed as skin tests where 
challenge antigen is given subcutaneously or intcadermally, and the local DH 
response evaluated as eiyflifima and induration of the area. This is preferred with 
protein antigens. In the case of a foreign tissue antigen, the animal may receive a 
skin graft or other tissue or cell graft as a challenge. 

15 [0148] Antibody responses are induced using any standard immunization 

protocol with an immunogen of choice, and optionally, an adjuvant Treatment 
with the test agent may be initiated at various times before, as well as, optionally 
at the time of and after, initial immuiuzatioo. Animals may be rested and boosted 
with a second or additional administration of antigen. At appropriate times 

20 tiirasafier> with or without controuation of treatment with the test agsnty the 
animals are bled, and serum samples are assayed for antibody levels using any 
conventional immunoassay, &g., and enzyme immunoassay (EIA) such as ELISA. 
Alternatively or additionally, blood cell or otiier lymphocytes may be harvested 
from the animal (either ^lile keeping the animal alive or at temination) and 

25 tested for their secretion of antibodies usmg a plaque assay or ELISPOT assay, all 
ofwfaich are conventional in the ait ' 

InMbiflon of CeQ- Mfli«g»ftd Tmi nime Disease of the Central Nervons 
System 

[0149] Experimental autonnmune (or allergic) encephalomyelitis (EAE) is 

30 an inflammatory disease of the central nervous system (CNS) that bears 

similarities to multiple sclerosis (MS) and has therefore been used extensively as 
an animal model of MS. Many references to this model are available in the 
medical and scientific literature. See^for example, Paterson, P.Y., In Textbook of 
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Immunopathology (Miescher, P.A. et aL, eds) Gnme & Stratton, New Yoik, 1976, 
especially pp. 179-213; Alvoid, E.G. Jr., In: Experimental Allergic 
Encepludomyditis: A Usefid Model for Multiple Sclerosis (Alvord, E.C., e<L), 
Liss, New York. 1984, pp. 1-51 1; Steimnan, L., Scient^c American, 269: 106-1 14 
S (1993). llie pathology ofEAB is characterized by an influx of lyx^ 

monocytes into the btain and spinal cord with an associated demyelination of the 
CNS neurons (Raine, CS. etal. Lab Invest 43:150-157 (1980); Paterson. P.Y et 
al.^ Immunol Rev. 55:89-120 (1980)) resulting in paitial or complete paialysis, 
and in severe cases, death. Neural anti^n-specific QM**^ T lymphocytes axe the 

10 initiators of the response becausem vivo depletion of CD4'^ T cells inhibits 

induction of BAE (Waldor, MK. et al.. Science 227:41 5-417 (1985). Only CD4^ 
T cell lines or clones can passively transfer the disease (Holda, J. A. and 
Swanborg, R.H., Europ, J. Immunol 72:453-455; Ben-Nun, A. and Cohen, I.R. J. 
Immunol i2P:303-308). Thus, the disease may be characterized as being T 

1 5 lymphocyte-mediated and tissue-specific. 

[0150] Compounds embodying aspects of the invention which inhibit 

induction or padiogenesis of BAE are expected to be useful for treating MS or 
otfier cell-mediated diseases of the CNS, both in humans and in nonhuman 
mammals. 

20 To study the effect of ttie present agents in vivo on a disease that includes in its 
pathogenesis the migration of T lymphocytes into a ^>ecific tissue (such as the 
brain or spinal cord), experiments are performed in the Lewis rat model of 
passively (adoptively) transferred EAE. Myelin basic protein (MBP)-specific T 
lymphocyte cell lines suitable for disease transfer are generated fiiom the draining 

25 lymph nodes (LNs) of Lewis rats previously immunized wifli MBP in canq)lete 
Freund's adjuvant (CPA) essentially according tb the method of Ben-Nun et al,^ 
19SI, supra. Primary lymphocyte isolates for passive transfer of EAE are 
generated fijom naive donor rats according to the method of Panitch and McFariin 
(Panitch, H.S. and McFariin. DJE., J. Immunol 119:1 134-1137), incorporated 

30 herein by reference 

[0151] Donor T lymphocytes are generated fix)m female 1 0 to 12 week old 

Lewis rats weighiog 1 50 to 200 g that have been injected intradermally in each 
hirKi footpad with a 100 |il volume CFA containing guinea pig myelin basic 
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protein (gpMBP) (the purified protein is prepared according to Deibler, G.E, et 
al,,Prepar, Biochem, 2:139-165 (1972), incorporated herein by reference). The 
adjuvant emulsion is prepared by emulsifying the oily component, (consisting of a 
mixture of light mineral oil (Sigma) containing 15% mannide monooleate (Sigma) 
5 and finely ground Mycobacterium butyricum (4 mg/ml; Difco)), with an equal 
volume of a solution of gpMBP (0.25 mg/ml) in normal saline. Thus, each rat 
receives a total dose of 25 jig of MBP and 400 jxg of M butyricunL 
Approximately 1 1 days following injection the rats are euthanized and the 
draining lymph nodes (LNs) (popliteal and inguinal) are removed aseptically by 
10 blunt dissection and placed into lymphocyte culture medium for the preparation of 
encephalitogenic T cell lines. The spleens are removed aseptically and placed into 
lymphocyte culture medium for the preparation of primary isolate lymphocytes for 
passive transfer. This protocol was used as described to successfiilly isolate T 
lymphocytes. 

15 For preparing cell lines, a single cell suq)ension is prepared from the LNs. The 
cells are washed in culture medium and any red blood cells are lysed in ttie usual 
feshion with ammonium chloride solution. These lymphocytes, at concentration of 
about 5 X 10^ /ml are cultured for about 72 hours in the presence of MBP (ag:., 
0.06 mg/ml) at ZTC in a humidified atmosphere containing 7.5% carbon dioxide. 

20 The cells are collected and the lymphoblasts are isolated by centrifugation on a 
FicoU® (Pharmacia, Uppsala, Sweden) gradient in an identical manner to that 
described by Ben Nun et al. supra. Hie j&action containing -90% lymphoblasts 
are cultured fiirther in complete DMEM to which is added (15% v/v) a culture 
supernatant containing a mixture of growHi fectors (e.g., crude supernatant of Con 

25 A-stimulated lymphocytes or purified T cell growth fectors), 10% fetal calf serum, 
and nonessential amino acids. No antigen (MBP) is added. The cells are plated 
in, e.g., 100 mm petri dishes at a concentration of about 2 x 10^ cells/ml and 
replated eveaty 3 ot4 days. Prior to transfer into Lewis rat recipients, flie cells are 
restimulated with MBP (0.01 mg/ml), and irradiated syngeneic antigen-presenting 

30 cells such as fliymocytes, for about 4 days. These cultured, stimulated T 
lymphocytes are hi^dyenc^halitogenic: as few as 5x10^ ceDs can induce 
disease in naive Lewis rats. 
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[0152] Pcimaiy isolate cells for passive transfer of EAE are derived from 

the isolated spleens (above) by preparing single cell suspension of lymphocytes 
and placii^ these m lymphocyte culture medium with 10% FCS at a concentration 
of about 2x10^ cells^. Concanavalin A is added at a final concentration o^ for 
S exanq)l6, 4 jiig^ml. The cells are cultored at 37^ in an atmosphere of S% CO2 for 
about 72 hours. After harvesting Hie cultured lymphocytes (and washing twice in 
Hank^s balanced salt solution (HBSS)), tibie cells are resuspended m BBSS and 
injected intravenously into the lateral tail vein of recipient rats, each of i^ch 
receives a selected number of cells^ for example, between SO and 70 x 1 0^ cells in 

10 a volume of200 ml, by injection into the lateral tail vein. Drug treatment is 

initiated on the day following cell transfer. In a typical experiment a group of 5 
female Lewis rats, approximately 9 weeks old, weighing llOdblS grams receives 
encephalitogenic lymphocytes as described and treatment with the cannabinoid 
receptor ligand is instituted 24 hours later wifii twice daily intrap^toneal (i.p.) 

1 5 injections such diat animals received the agent at a daily dose rate of 10 to 100 
mg/kg. Typically a group of control rats of the same age, sex and weight receive 
twice daily ip injections of the dmg diluent or vehicle begmning 24 hours after 
encephalitogenic cell transfer. The above protocols were followed as described to 
generate test animals for assessing &e novel cannabinoids discussed herein. 

20 [01S3] TherapeuticejScacy of the cannabinoid ligand is determined by 

clinical assessment of disease severity. It is usual for the disease to present with an 
ascending paresis foDowed by paralysis begnming witih the distal tail. The disease 
is often scored on the basis of severity of symptoms. In die present discovery the 
clinical disease was scored daily begmning on day 4 following cell transfer using 

25 the following numerical scoring system: 0 - no clinical signs; 1 - paresis with 
flaccidity of the distal half of the tail; 2 - flaccidity of entire tail; 3 - ataxia and 
difficulty with righting; 4 - fiank hinli-limb paresis; 5 - hind-limb paralysis. An 
additional measure of disease severity is based on histological examination of 
tissue sections taken from the spiml cord of EAE affected animals. This method 

30 is based on scoring the number and severity of inflammatory lesions in the tissue. 
It is known that in most cases the severity of disease symptoms is positively 
correlated with the number and severity of inflammatory lesions in the CNS of 
EAE-affected animals. In the present study, qualitative assessment of lesions 
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were assigned mimerical values, and thus, a mild lesions were scored as 1 , 

moderate lesions 2 and severe lesions 3, Histological sections were prepared from 

14 mm sections of spinal cord (lumbar and sacral regions) taken from 10% neutral 

buffered formalin-perfused animals. The cords were embedded in parafiBn, 

5 sectioned (5 fmi) and stained with hematoxylin plus eosin 

Tnliihitift p of CeB-M feitiated Tmm une Disease of Synovial Tissne 
(Passivefy-Transferred Adjuvant Arthritis) 

[0 1 54] Passively transferred adjuvant ar&ritis (AA) is a T lymphocyte- 

mediated disease in which T cells bom an animal with active arthritis are 

10 transferred to a naive syngeneic recipient to induce disease. The naive recipimt 
subsequently develops clinical signs of disease, including lymphocyte migration 
into the synovium with subsequent swelling of afiected joints. The 
immunological nature of this disease and its dependence upon T lymphocytes has 
been well established for many years. (See, for example, Kayashima, TLetaL^ 

15 1978, J, Imtmmol i2ftll27-l 131; Waksman, B JL et a/., 1963, bit'l Arch. 
Allergy 25:129-139; Pearson, jpi(pra;; WMtehouse, D.L et aL, 1969, Nature 
224:1372,) 

[0155] This model is suitable for stuping the efiect of a compound of 

Formula I or Formula II in vivo in a model of riieumatoid inflammatory disease, 

20 Mal6DACDaikAgouti)rats, 8to 12weekold,aieitnmunizedwifhsix50 pi 
injections of a suspension of Mycobacterium butyricum in mineral oil 
intradeimally at the base of Ifae tail, plus four 50 ^1 iigections at ftie base of the 
dorsal neck. The suspension is prepared by mixing, e.g., 6 me/mi of M butyricum 
(Difco Laboratories, USA) that has been ground to a fine powder using a mortar 

25 andpestleinlightmineral oil (Sigma). About ten days after immunization, Ifae 
rats are euthanized and their spleens removed aseptically . A single cell 
suspension of lymphocytes is prepared in the usual manner and placed in 
lymphocyte culture medium with 10% FCS at a concentration of about 2x10^ 
cells/ml. Con A is added at a final concentration o^ for example, 4 pg/ml. The 

30 cells are cultured at 37^C in an atmosphere of 5% CO2 for about 72 hours. After 
harvesting the cultured lynq)hocytes (and washing twice in HBSS), the cells are 
resu^nded in HBSS and injected mtiavenously into the lateral tail vein of 
recipient rats^ each of which receives a selected number of cells, &x example, 
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between S and 10 x 10^ cells, e.g., 8.5 x 10^ cells, in a volume of 0.5 ml. Dmg 
treatment is initiated on the day of cell transfer. Hie test compomid of is 
administered intraperitoneally at a dose of about 10-100 m^t^day. 
[01 56] After 5 to 8 days, a characteristic thickening and cutaneous 

5 hyperemia of the distal joints of the Und legs becomes clinically s^parent in 
saline-treated control animals. Disease severity is evaluated and graded in each 
animal by daily measurement of the mediolateral widths of both ankle joints. The 
data are expressed as the mean of the change (compared with width prior to cell 
injection) in mediolateral ankle widdi expressed in millimeters (± standard error 

10 of the mean). 

Other Models of Arthritis and Aatoimmmne Disease 
[01 57] The compounds of the presept invention ate admhustered to 

rodents in several well-known animal models of arthritis and autoimmune disease. 
These include adjuvant arthritis (see above), streptococcal cell wall arthritis, 

15 Mycoplasfna arthritides wciSax^ {See^ for example^ 

Pearson, supra; Cromartie, W.J. et al., J. Exp. Med 146:15iS (1977); Trentham, 
D.E. etaL, J. Exp, Med. I46:i57 (1977); Chang, Y.H. et aL, Arthritis Bheum. 
2J:62(1980)). 

L Streptpcoccal Cell Wall ArtfarMs Model (see: Schwab. JHeic/.,/. 

20 ImmwioL 150:4151 (1993)) 

A. Inductioru measurement and treatment of arflmtis 
[0158] Female Lewis rats weighing about 175g are injected intraarttcularly 

(i.a.) under ether anesdiesia above flie calcaneus through the Achilles tendon into 
the tibiotalar (ankle) joint on day 0 with 2.0 \ig of ihamnose equivalents 

25 (approximately 6.0 jig dry weight) of peptidoglycan-polysaccharide from cell wall 
of group A Streptococci (PG-APS) suspended in 10 |il of pyiogen-firee saline, as 
described previously (Esser, R.L., et al. Arthritis RJieum. 25:1402 (1985); 
Stimpson, SA., et aL, In: Pharmacological Methods in the Control of 
Inflammation, J. Chang et aL, Eds. Alan IL liss, Inc., New Yoric, p. 381 (1989)). 

30 Right or left joints are injected with PG-APS in altemate animals, and 

contralateral joints are injected with iO yl of pyrogen-fiee saline. The lateral 
diameter of die ankle jomt is measured with a Fowler Ultra<!al n digital caliper 
(Lux Scientific Instrument Corp., New York, NY). The average of three 
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measurements for each joiBt is recorded. Results are presented as the mean ± SE 
of the increase in joint diameter (difference between pre- and postreactivation). 
[0159] B. ESstopatfaologv : Rats are sacrificed and the ankle joints are 

removed, skinned, fixed in formalin, decalcified, embedded in parafiBn, sectioned 
5 sagitally, and stained with hematoxylin-^sin. The significance of differences 
between groups is assessed by Student's two tail Mest 

2. Actively-Indnced Adinvant Arthritis Model (See, Chang ai, 

supra) 

[0160] Male Lewis rats weighing 235-250 gm are used Freund's 

10 complete adjuvant is eifliCT purchased commercially or prepared by grinding 

powdered Mycobacterium butyricum (10 mg; Difco Laboratories) with mineral oil 
(1 .01 ml; Primol 355, Hampden Color Chemical Company). Adjuvant arthritis is 
produced by a single intrademial injection of the adjuvant into the tail or one 
hindpaw. The dose is about 0.5 mg heat killed Mycobacterium tuberculosis {Mi) 

1 5 suspended in 1 00 ^il IFA. The volume of the uninjected hindpaw is measured by 
the method of Winter et al, Proc. Soc, Exp, Biol Med. 111:544 (1962) on day 0 
and 1 6 (with respect to the injection of adjuvant). The increase in the volume of 
the uninjected hmdpaw serves as a measure of arthritis. 
[0161] To determine the effect of a therapeutic composition comprising at 

20 least one compound of Formula I or Fonnula n, rats are treated with either vehicle 
or die composition dissolved or suspended in vehicle at the required concmtration 
each day firom day -1 to day -15 (with respect to adjuvant mjection). The initial 
paw volume (Vi) is measured on the day of adjuvant injectTon. ^xt^ days later, 
the volume (Vf) of die uninjected hmK^aw is measured. Percent inhibition is 

25 calculated according to die following equation: 

%mhibition= 1- Vp drug - Vj drug XlOO 
Vf control - Vi control 

[01 62] Alternatively, severity of arthritis is assessed by scoring each paw 

from 0 to 4 based on degree of swelling, erythema, and deformity of the joints. 
30 Thus, the maximum possible arthritis score is 1 6. 

3. Collagen Type EE-laduced Arthritis (CIA) Model (see Trentham et 
al., siq^rd) 
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[0163] Sensitization Procedures . Collagen is dissolved in O.IM acetic acid 

at a concentration of Irag/nol. Equal volumes of collagen solution and CPA or 
IFA are mixed and emulsified One ml of die cold emulsion is immediately 
iigectedintiadennally in four to six sites on the backs of the rats. Small ulcers 
5 fiequently form at the iiqection site, but tibiese heal wifliout seqpielae in 7-10 days. 
Control iigections consist of (a) acetic acid emulsified in CPA (Complete Freunds 
Adjuvant) or IFA (Incomplete Freunds Adjuvant) or (b) human or chick type n 
collagen dissolved in acetic add and iqectedintradeimally without adjiivm^^ As 
an additional control, 1.0 ml of MgClr^^dxactable cartilage proteoglycans 

10 containing approximately 200 |xg uronate per ml is mixed wilfa O.S ml of CPA or 
IFA4 emulsified, and injected as with coUagens. Unless otherwise specified, 
booster doses consisting of O.S mg collagen dissolved in 0.5 ml 0.1 M acetic acid 
axe givCT ip without adjuvant 21 days after primaiy immunization. One ml of the 
MgCl2 extract is given ip after an identical interval to the proteoglycan control 

15 animals. 

[0164] Arthritis Evaluation. Aoimals are observed daily for tiie onset of 

arthritis, and an arftritic index is derived by grading the severity of involvement 
of each paw fiom 0 to 4. Scoring is based on the degree of periarticular erythema 
and edema as well as deformity of the joints (Wood, F.D., et aL, InL Arck Allergy 
20 AppL ImmunoL 55:456 (1969)). Swelling of hindpaws is also quantitated by 
measuring tiie tiiickness of the ankle from medial to lateral malleolus. 

4. Airtoimmnne Model MRLflpr Mice (see: Kim, C. etaL X Exp. Med. 
/7'/:143M437 (1991)) 

[01 65] MEULyMp-lpr/lpr mice (4-6 wks old) may be purchased from the 

25 Jackson Laboratory (Bar Harbor, ME) or other supplier. 

ELIS A for Anti-DN A Antibodies and Immune Complexes 
[0 1 66] Polystyrene microtiter wells are coated with double-stranded DNA 

(ds-DNA) or goat Clq. Blood is obtained from individual mice before the 
biweekly injections. Sera are diluted in 0.05% Tween-20 in PBS at a 1:500 

30 dilution and allowed to incubate in the plates for 60 min at room temperature. The 
plates are then washed with PBS-Tween, and 50pl of 1/1000 dilutions of goat 
anti-mouse IgG and IgM antibodies coi^ugated to urease (or ano&er enzyme that 
is known to be useful in EIA) are added to the plates. After incubation for 30 
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min., the plates are washed three times with PBS-Tween and twice with 0.15M 
NaCl. The plates are then incubated with a solution of the chromogenic substrate 
for the enzyme. Colorimetric change is quantified by measuring absorbance at the 
appropriate wavelengfli for the particular colored product of the enzymatic 
5 reaction using a microplate reader. 

Proteinuria and Physical Symptoms 
[0167] Urine is obtained from mice. Protein concentration and the 

presence of blood in urine are measured semiquantitatively by commercial reagent 
strips for urinalysis. 

10 [0168] Physical symptoms are visually scored as: 0, no symptoms; 0.5, 

trace; 1-4, when visible symptoms are observed, with 4 being the most severe 
(physical symptoms include lymphadenomegaly, immune complex vasculitis, and 
necrosis of the ears). Scores representing physical symptoms are calculated by 
determining the total score for each group and flien dividing by the number of 

1 S animals alive in that group when the ineasuiement is taken. 
Treatment ■ 
[0169] For each of the models described above, treatment with at least one 
compound based on Formula I or Formula n, or compositions ifaeroof, is started 6- 
14 days after the injection of the inducing agents (or in the case of MRMpr mice 

20 beginning at 4 weeks of age). Doses vary ftom 1 |ig to 100 mg of the test 
compounds. 

[0170] The compounds axe administered i.v. or i.p. at 1 week intervals for 

4 weeks. Outcomes are assessed as described above. For all arthritis models 
outcome measures include: (a) quantitative measurement and grading of joint 
25 swelling erythema or deformity, and (b) assessment of histopalhology of joints 
using a quantitative gradlmg system. 
RESULTS 

[0171] In all the models described, evidence indicated that CB2-R agonist 
compounds defined by Formula I and Formula II are e£fective in sigoificanfly 
30 leducmg direct or indirect measures of arthritis. 
Treatment of Rhenmatold Arfliritis in Humans 

(See: WJ. Koopman (ed) Arthritis and Allied Conditions: A Textbook of 
Rheumatology, Lippincol^ Williams & Wilkiiis; 13th edition, 1996.) 
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Treatment PiQcedme 
[0172] Doses of die compounids of Fonnula I or Fonnula n are detemuned 
as described above using, inter alia^ appropriate annnal models of autoimmune 
disease. 

5 [0173] A treatment consists of injecting a patient wilb 0.1, 1, 10 or 100 mg 
of die compound iv or subcutaneously, or infusing the compound iv in 100 ml of 
nonnal saline over a 30 minute period daily for between tbree and six weeks. 
Tteatment can also consist of oral dosing widi 0.1, 1, 10, 100 or SOO mg of tbe 
conq)ound once, twice or fluee times daily for Unee to six weelcs. Qinical 

10 responses are assessed by (he ciiteiia'described below. Treatments are continued 
inpatients witti stable or exacerbating disease. Treatment generally may be 
administeied on an outpatient basis. 
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ginical Outcome Measures 
[0 1 74] Outcome measures used to assess treatment efficacy in rheumatoid 

arthritis (RA) should detect the smallest clinically important change and, at the 
same time, be reliable and valid with respect to capturing Ihe dimensionality of the 
5 clinical and pathophysiologic responses. To avoid bias, both patients and 
assessors preferably are bUnded during testing. 

[0 1 75] The melhods most commonly used are based on quantification of 

cardinal features: pain, swelling, heat and redness. Laboratoiy tests may also be 
used in assessment, though a treatment that only reduces a laboratory measure 

10 without, for example, relieving joint pain is of less interest. No smgle ideal 

method is known to accurately reflect disease activity in arthritis. As a result, it is 
useful to aggregate end points into a composite index. Composite indices are 
constructed by statistical or judgmental procedures that allow aggregation of 
scores assigned to di^ent end points. 

15 [01 76] Objective and sensitive measurements are prefenred to subjective 

ones. One sensitive parameter to change with antirheumatic drug therapy in RA is 
the patient's subject assessment of pain relief. Objective measurements include 
radionuclide joint uptake. Others are flie 50-foot walking time and assessment of 
functional disability (the second most important symptom in ardiritis). Examples 

20 of useful outcome measures appear in Table 3> below. 

[01 77] Because pain is fte major complaint of the rheumatic sufferer, 

measurement of pain relief is important in assessing clinical response to the 
therapeutic composition or method of Ihis invention. Adjectival scales may be 
used witii numeric values ghren to tiie adjectival scale, for example: 0=» no pain, 

25 1= slight pain, 2= moderate pain, 3= severe pain, and 4= extremely severe or 
agonizing pain. Such a scale is known to discriminate between nonsteroidal anti- 
infkanmatory analgesics and placebo in short-term trials (Lee, P., X Sheumatol 
5:283-294 (1976)). Other methods of measuring pain include assessment of pain 
threshold and pain tolCTance (Huskisson, E.C., Clin. Rheum. Dis. 2:37-49(1976)). 

30 [0178] A simple count of clinically active joints, as determined by pain on 

passive motion, tenderness on pressure, or inflammatory jomt swelUng is used 
(Cooperat Clin. Comm. Amer. Rheum. Assoc., CHn. Phannacol. Ther. 8:11-38 
(1967)) to score joint tenderness. Also, firm digital pressure is applied to the joint 
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margins and the degree of tenderness is graded by Ibe patient's response. 
Lansbuiy's Articular Index (Lansbory, J., Arthritis Rheum. 7:503-522 (1958)) is 
useful in assessing progress. Scoring a few selected ''signal" joints may pennit 
better assessment of therapeutic effect than a total joint count A standardized 
5 dolorimeter tested against the Lansbury indices is hig^ reproducible. The 

Ritchie Articular Index (RAJ) is based on summation of j oint responses after firm 
digital pressure. The responses are recorded as 0= no tenderness, +1» patimit says 
it is tender, +2= patient says it is tender and winces, and +3- patient says it is 
tender, winces, and withdraws limb. Hie sum of tfiis Index is 78 and reflects 

10 exacerbationsof disease and improvem^t induced by antirheumatic drugs. This 
index correlates with the patient's assessment of pain, in flie xxppcr lim1)s wifli grip 
strength, and in the lower limbs with the time to walk 50 feet. 
[0179] Various instruments are available to measure gpp strength which is 
determined by the strength of the muscles in flie forearm and hand, and the pain 

15 and degree of joint destruction in the wrist, hand, and fingq: joints; grip strength 
correlates with the RAI. 

[0180] The range of motion of peripheral joints in normal subjects is 
known, and these measmes have been assessed in studies of ankylosing 
spondylitis. Spinal movement is measured by sevemi methods including the 

20 Dunham spondylometer (Anderson, J.A.D., Clin, JRheum. Dis. 5:63 1-653 (1982)), 
skm distraction (MoU, J.M.H. et al„ Rheimu Phys, Med. //:293-312 (1972)), an 
inclinometer (Domjan, L. et al. Hung. Rheum. 28 (Suppiy.l\-16 (1987)). Timing 
of certain movements or set maneuvers related to activities of daily Uving, are 
useful, in particular the time to walk 50 feet (Lee, si^ra\ Grace, E.M. et al,, Br, J, 

25 Rheumatol 27:372-314 (1988)). 

[0181] Increase in warmfh of overlying skin is a cardinal feature of 
inflammation and can be measured in various ways (e.g.. Bacon, PA et al, Cliiu 
Rheum. Dis, 2:51-65 (1976)). Infrared quantitative thermography shows 
reproducible changes in disease activity and is usefiil in assessing eflScacy of a 

30 treatment composition or method. Tliermography provides a noninvasive, 

reproducible, sensitive, and quantifiable method of assessing improvement in joint 
inflammation (Ingpen, M.L., Ann. Phys. Med P:322-327 (1968)). 
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TABLE 3 

Outcome Measures for Clinical Trials in Arthritis 

Altman, R.D. et al., Clin. Rheum. Dis. P;681-693 (1983) 



FDA Guidelines (1977) 

j 


i>eiiamy ana Jttucnanan 


Joint swelling 


Pain 


Joint redness 


Patient global assessment 


Tenderness on pressure 


Range of movement 


Pain at rest or on motion 


Physician global assessment 


Range of motion 


Joint sttffiiess 


50»foot walking time 


Qualitative aspects of sleep 


Clinidan's global assessment 


Walking time 


Patient's global assessment 


Activities of daily living 


Altman et aL (supra) 


Joint t^demess 


Analgesic compound 


Pain (using visual analogue scales) 


Joint swelling 


Tenderness on pressure/motion 


Signal joints 


Clinician's global assessment of current status and degree 
of change in status 


Ascent time 


Patient's global assessment of cuirent status and degree of 
change in status 


Muscle power** 


50-foot walking time (for patients with bip and/or knee 
involvement) 


Hand function 


Grip strengdi (for patients with hand involvement) 


Radiology 




Joint temperature 



5 Laboiatcrv Tests 

[01 82] Certain laboiatory tests reflect the severity of joint inflammation 

and may be used to monitor flie efficacy of tiie therapeutic compositions and 
methods of this invention. The most JBrequenfly used test is the erythrocyte 
sedimentation rate (ESR). Other measures used include evaluation of various 

10 acute-phase reactants, such as C-reactive protein, haptoglobin, fibrinogen, a-2 
macroglobulin, and plasma viscosity (McC)onkey, B. et aL, QJ. Med., New Series 

115-125 (1972); McConkey, B. etal, QJ. Med., New Series ^2:785-791 
(1973); Constable, TJ. etal., Lancet /:1 176-1 179 (1975); Crook, L. etal. Aim. 
Clin. Lab. ScL /0:368-376 (1980); Dixon, J A. et aL, Scand. J. Rheumatol 75:39- 

15 44 (1984); Cockel, V^etal, Ann. Rheum. Dis. Jftl66-170 (1971)); titer of IgM 
rheumatoid fector or of immune complexes (Pope, R.M. et oL, Ann. Rheum. Dis. 
«:183-189 (1986); Rerf)ack J.S. etal, Ann. Rheum. Dis. 4^:79-82 (1986); 
Reynolds, ^JS.etaL, J. Rheumatol iJ:700-706 (1986)); tests of lymphocyte 
function (Reynolds, WJ. et aJ., J. Rheumatol /5:700-706 (1986); Alepa, FJP. et 
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al. Arthritis Rheum. 73:754-760 (1970); Swanson, M.A. et al., N. Engl. J, Med, 
277:163-170 (1967)); displacement of L-ttyptophan fioin serum albumin; serum 
iron concentration (Cockel, suprd)^ eosinophilia, thrombocytosis (Hutchinson, 
R.M. et al,, Ann, Rlteum. Dis, 55:138-142 (1976)); serum concentrations of 
5 sulfhydiyl groups (Loiber, A. et al.. Metabolism 20:446-455 (1 97 1)); serum 

coH)er concentrations (Brown, D.H. et al.. Am. Rheum. Dis. 35:174-176 (1979)); 
serum prq>eptide levels (Horsley-Petersen et al., Rheum. 2P:592-599 (1986)); 
synovial fluid analysis (Hall, SJH. et al, Ann. Rheum. Dis. 37:351-356 (1978)). 
[0183] Various mediods are used to score radiologic changes in 

10 rheumatoid arthritis, the most useful of which are count erosions and assessment 
ofjoint space narrowing. Radionuclides can also be used to quantify joint 
inflanunation (Dick, W.C., Semin. Arthritis Rheum. i:301-325 (1972); Wallace, 
D. J. ei al. Arthritis RJieum. //:172-176 (1981)). These are administered intra- 
articularly and the rate of clearance from the joint detBrmined or, alternatively, 

15 they are administered iv and the rate of accumulation over a joint (or joints) 
measured. The clearance of ^ ^^Xe afier intra-articular injection provides an 
indirect measurement of synovial blood flow. ^^cOa is also used Radionuclide 
joint uptake in both large and small joints is known to be reduced with successful 
anti*iheinxiatic therapeutics such as NSAIDs, corticosteroids, gold or 

20 D-peniciUamine. 

RESULTS 

[0184] According to the 8 measures listed under 'TDA Guidelines" above, 

greater than 80% of the patients treated with the cannabinoid compounds 
described herein show significant cumulative improvement across all measures. 
25 [0185] Having ^nerally described preferred embodiments of the 

invention, the same will be more readily understood through reference to the 
following nonlimiting examples which are provided by way of illustration. 

EXAMPLES 

[0186] Unless otherwise stated, chemical reagents were purchased fix)m 

30 commercial sources, for example Aldrich Chemical Company (Milwaukee, 

Wisconsin, USA) or Lancaster Synthetics Ltd, (Lancashire, UK). Temperatures 
are in degrees Celsius. Mass spectra were obtained on a Micromass ZQ 2000 
benchtop electrospray mass spectrometer. Samples were dissolved in either 
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ethanol or a 1:1 mixture of acetonitrUe: water contaimag 0.2% foimic acid. 
Molecular species recorded in the positive ion mode are noted as M+H or M+Na, 
while those obtained in Ifae negative ion mode are noted as M-H. NMR spectra 
were obtained on a Varian INOVA 500 Mhz nuclear magnetic resonance 
5 spectrometjer or, where stated, a Varian INOVA 300 Nhz NMR spectrometer . 

EXAMPLE 1 

Preparation of 4-cMororftr-ri>^2-morphoIin'4-vletfavlVl£r-benziiiu 

vllbenzamtde (1) 

10 [0187] 2-Chloionitrobenzene (10.0 g, 63.5 mmol), 2- 

aminoethylmorpholine (17.5 ml, 133.5 mmol) and l~butanol (20 ml) were 
combined and beated at lOO^C for 1 6 hours under an atmosphere of nitrogen. 
Excess reagent and solvent were removed in vacuo and the residue diluted with 
EtOAc (200 ml) and IM NaOH (100 ml). The organic phase was separated and 

15 the remaining aqueous solution esctmctedwiftEtOAc (2x100 nil). The organic 
extracts were combined and washed with brine (100 ml), dried over sodium 
sul&te and evaporated. The crude product was columned (silica) using a gradient 
ficom petroleum spirit to EtOAc (Rf 0.28, 50%EtOAc/Pet Spirit) to give the 2- 
morpholin4-yl-^thyl)-(2-nitto-phenyl>-amine (15.6 g, 98% yield). ESMS 252 

20 (M+H). 

[0188] 2-Moipholin-4-yl-^yl)-(2-nitrophenyl)-amme (7.5 g, 29.9 mmol) 

was dissolved in 50% aq EtOH (150 ml) and heated to 80^C under an atmosphere 
of nitrogen. To this was added sodhnn faydrosulfite dissolved in water and the 
mixture refluxed for 3h. If no color change occurs (incomplete reaction) more 

25 sodium hydrosuljStB (10 g) was added (instant color change). The solvent was 
evsqporated and IM NaOH (100 ml) added and the mixture extracted wifii 
dichloramethane QXM) (4x100 mO* The organic extracts were combined, 
wasdbed wi£h brine (100 ml), dried over sodhun sul&te, filtered and evaporated 
The crude product was cohmmed (silica) using a gradient from DCM to 

30 25%MeOH (methanol)/DCM (Rf 0.25, 10%MeOH/DClS4) to give the tifle 
phenylenediamine (5.3 g» 80% yield). ESMS 222 (M+H). 
[0189] //^2-aminopheiiyl)-isr-(2-morpholm-4-yle% (3.7 g, 16.7 

namol) was dissolved in dry EtOH (ethanol) (40 ml). Cyanogen bromide (1.86 g, 
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17.6 mmol) was added and fhe mixtuxe iBfluxed for 60 minutes. The teaction 
mixture was evsqpoiated to diyness then diluted witti brine (3 0 ml) and SM NaOH 
(10 ml) and extracted with EtOAc (4x50 ml) . The combined EfOAc extracts 
were dried over sodium sul&te, fOitered, evaporated and the crude residue 
5 columned (NEta washed silica) using a gradient jSrom DCM to 25%MeOH/DCM 
to give l-(2-moiidioUn-4-yl-^(byl)-l/f-benzoimidazol-2-ylamine 0^0 
10%MeOH/DCM). ESMS 247 (M+H)). 'HNMR (CDCI3, 500MHz) 6:7.42 (d, J 
= 7Hz, IH), 7.14-7.04 (m 3H), 6.0 (bs, 2H), 4.03 (t, J * 4.5H2), 2H), 3.72 (m. 4H), 
2.76 (t, J = 4.5Hz, 2H), 2.58 (bs, 4H). 



10 




(1) 

Method 1 (Kinetic): 
[0 190] To a suspension of 60%NaH (0. 1 94 4.86 mmol) in dimeliiyl 

foimamide (DMF) (10 ml) was added the l-(2-morpholin-4-yl-ethyl)-ljE?- 

15 benzoimidazol<2-ylamine (1 g, 4.05 mmol) and fhe resulting mixture stirred at 
room temperature for 30 minutes. The reaction mixture was cooled to -50°C and 
4-chloiobenzoyl chloride (0.51 ml, 4 mmol) added The mixture was allowed to 
warm to room temperature over 60 minutes before diluting with EtOAc (100 ml) 
and washing with water (3x25 ml), brine (25 ml), drying over sodium sulfate and 

20 evaporating. Tlie title compound 4-chloro-A^-[l-<2-morpholin-4-ylefhyl)-lEr- 
benzimidazol-2-yI]benzamide (1) was precipitated from toluene/pet spirit to give 
a major component with identical Rf to the thermodynamic product 
[0191] ESMS (identical to above); NMR (identical to above); IR (identical 

to above). 

25 Method 2 f Thermnd Ynamic) : 
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[01 92] l-(2-Moipholin-4-yl-^lhyl)-lF-benzoiiiii<J^ (2.4 g, 

9.76 imnol) and N-methy moipholine (1 .18 ml, 10.73 mmol) were dissolved in 
DMF (100 mi). To this was added 4-chlorobenzoyl chloride and the mi?cture 
stiired at 80°C for 6 hours. The solvent was evaporated and the title compound 4- 
5 chIoro-iV-[l-^2-moi7hotiii-4-yIethyl>l£r-benzim (i) was 

precipitated from hot ElOAc. (Rf 0.51, 100%EtOAc). ESMS 385/387 (M+H). 
*H-NMR (CDQs, 500MHz) 5: 1238 (bs, IH), 8.24 (d, J = 8.5Hz, 2H), 7.40 (d, J 
= 8.5Hz, 2H), 7.40-7.2 (m. 4H), 4.39 (t, J = 7Hz, 2H), 3.64 (m, 4H), 2.82 (t, J - 
7Hz, 2H), 2.60 (bs, 4H). IR (cm"^) 3306, 2949, 2815, 1571, 1552, 1528, 1485, 
10 1398, 1351, 1334, 1303, 1150, 1117,1015,942,896, 766, 744, 665. 



Hie following analogs were prepared in a sindlar fesfaion: 




(2) 

15 [0193] 3,4"I>icWoro-A^-ri<2-morphoKn-4-ylethyl)-m-benzimidaTO 
yljbenzamlde (2) H2-Moipholinoethyl>lJy-benzo[d]imidazoI-2-amme (250 mg, 
1.01 mmol) (described above) was combined with 3,4-dichloroben2oyl chloride 
(211 mg, 1 .01 mmol) in dichloromethane (1 0 ml) and allowed to react for 24 
hours. The reaction mixture was treated wilh 2M sodimn hydroxide (20 ml) and 

20 fee phases separated. Hie aqueous phase was extracted with dichloromethane (20 
ml) and fee combined organic extracts washed wife brine (20 ml). Hie combined 
organic extracts were feen washed wife water (20 ml), dried and fee solvent 
removed in vacuo. The residue was purified by chromatography using a gradient 
from DCM to 30% MeOH/DCM to give 3,4-dic Woro-iV-(l-(2-morpholinoethy]0- 

25 lff-benzo[rflimidazoIe-2-yl)benzamide (2) (370 mg, 87% yield). Rf 0.74 (5% 
EtOH/EtOAc). ESMS 418/420/422 (M+rf). ^Hnmr (CDQs, 500MHz) 8: 
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9.43 Qy^ IB), 828 (m, IH), 8.01 (m, IH), 7.51 (d, J = 8.5Hz, IH), 7.30 (m, 4H), 
4.42 (t, J = 7.5Hz. 2H), 3.66 (t, J = 5Hz, 4H), 2.86 (t, J = 7.5Hz, 2H), 2.65 (bs, 
4H). 




0 

(3) 

[0194] 34:irioi^JV-[l-<2-molrphoM-4-yIetfayO-lJ7-ben2imida^ 
yllbenzamide (3) (314 mg, 81% yield) Rf 0.71 (5% EtOHmtOAc). ESMS 
10 385/387 (M4-H*). ^Himir (CDClj, 500 MHz) 5; 8.14 - 8.28 (m, IH), 8.0^ bs, 2H) 
8.01 -7.97 (m, 2H), 7.59 - 7.55 (m, IH), 7.54 - 7.46 (m, IH), 7.44 - 7.36 (m, 2H), 
7.32 - 726 (m, IH), 4.71 (bs, 2H), 3.90 (bs, 4H), 3.23 (bs, 2H), 3.05 (bs, AH). 




(4) 



15 [0195] 2-rhloii>^-[1 -(2-iiiorphnliii-4-ylrfhyl)-1 jy-h eiwamHaw iUX. 

yllbenzamide (4) (150 mg, 38%) Rf 0.64 (5% EtOH/EtOAc). ESMS 385/387 
(M+H*). *Himir (CDQa. 500MHz) 5: 7.89 (dd, J = 22, 7.8Hz, IH), 7.84 (dd, J = 
2.2, 7.8Hz, IH). 7.31 (m, 6H), 4.49 (1, J = 6.0Hz, 2H), 3.73 (t, J = 4.0Hz, 4H), 3.0 
(t,J = 6.0He),2.77(bs,4H). 
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(5) 

[01 96] 2,4-Dicldoro-iV-[l-<2-morphoIm-4-ylethyI)-l£r-4>eiiziiiu 
yqbenzamide (5) (320 mg, 76% yield) Rf 0.71 (5% EtOH/BtOAc). ESMS 
5 41 8/422 (M+H*). 'Hmnr (CDClj, 500 MHz) 5: 7.98-7.87 (m, 2H), 7.48 - 7.42 
(m, IH), 7.37 - 7.25 (m. 4H), 4.50 (bs, 2H), 3.55 (bs, 4H), 2.95 (bs, 2H), 2.72 (bs, 
4H). 




0 

(6) 

10 [0197] JV-(l-<2-morpholmoeayl)-l£r-benzo[(qiniidazole-2- 

yl)decaiiaiiiide (6) (3 10 mg, 76% yield) Rf (5% EtOH/EtOAc). ESMS 401 
OVI+H*). 'Hmnr (CDCaS, 500MHz) 8: 7.36 - 7.23 (m, 4H). 4.38 (bs. 2H0, 3.75 
(bs, 4H). 2.87 (bs, 2H), 2.68 (bs, 4BQ, 2.35 - 2.29 (m, 2H), 1 .73 - 1.60 (m, 2H), 
1.38- 1.27 (in,15H). 




C7) 
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[0198] AKlK2-morphoIinoefliyI)-lB'-beii2»[d]iiiiidazole-2- 
yl)ciim«ni«niide (7) (250 mg, 66%). Rf (5% EtOH/EtOAc). ESMS 377 (M+H*). 
'Hnmr (CDCU, SOOMHz) 5: 7.78-7.70 (m, IH). 7.59-7.48 (m, 3H).7.42 -7.26 (m, 
5H), 6.82 - 6.79 (m, IH), 6.48 - 6.45 (m, IH), 4.40 (bs, 2H), 3.72 (bs, 4H), 2.85 
5 (bs,2H),2.66(bs,4H). 




(8) 

[0199] 2-phenyl-iV-(l-(Z-niorpholinoetfayl)-lH-beiizo[d]iiiudazo^^ 
10 yQacetamide (8) (305 mg, 81 % yieid) Rf (5% EtOH/EtOAc). ESMS 365 

(M+H^. 'Hnmr (CDCfe, 500MHz) 6: 7.56 - 7.1 (m, 9H), 4.40 (bs, 2H), 3.80 (bs, 
4H), 3.78 (bs, 2H), 2.90 (bs, 2H), 2.71 (bs, 410. 



EXAMFLE2 

15 Preparation of 4-chloroTAr-f 7-niethoiY-l-(2-mon>holiii-4-YlefliYD- 

1 H:.liAii!i!iiiiMngi >i-2-vnbeiizaiiiide (1\ 




[0200] 3-NitroplienoI (10 g, 72 mmol) was dissolved inhot concentrated 

20 hydrochloric acid (100 ml) and cooled rapidly (ice-brine bath) to give a fine 

suspension. Potassium chlorate (8.8 g, 72 nunol) was dissolved in water (100 ml) 
and added to the mixture and stirring continued at 0''C for 2 hours. The reaction 
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mixture was extracted with, ethyl acetate (2x100 ml) and lie combined organic 
extracts washed with water (100 ml), brine (100 ml), dried over sodimn sulfate 
and evaporated in vacuo (water bath temp <45°C) to give 2-chloro-3-mtrophenol 
(not purified) (Rf 0.38, 33%EtO Ac/Pet spirit). Tbe crude residue was dissolved in 
5 DMF and to this was added potassium carbonate (19.3 & 140 mmol) and methyl 
iodide (5.6 ml, 90 mmol). The reaction mixture was stirred ovemi^t at room 
temperature before diluting with ethyl acetate (200 ml) and washing with water 
(4x100 ml) and brine (100 ml). The organic phase was dried over sodium sulfate 
to give 2-chloTo-3-nitiioanisole (not purified) (Etf 0.61. 33% EtOAc/Pet spirit). 

1 0 The crude residue obtained was dissolved in l-aminoethyhnorpholine 15.7 ml, 
120 mmol) and butanol (50 ml) and heated at 100°C for 16 hours under an 
atmosphere of nitrogen. Excess reagent and solvent were removed in vacuo and 
the residue diluted with EtOAc (200 ml) and IM NaOH (100 ml). The organic 
phase was separated and the remaining aqueous solution extmcted with EtOAc 

1 5 (2x1 00 ml). The organic extracts were combined and washed with brine (100 ml), 
dried over sodium sulfate, filtered and evaporated. The crude product was 
columned (siUca) using a gradient from petroleum spirit to EtOAc (Rf 0.17, 
50%EtOAc/Pet Spirit) to give 2-methoxy-JV-(2-moipholinoethyl)-6- 
nitiobenzenamine (7.0 g, 35% yield over 3 steps). ESMS 282 (M+H). 

20 [0201] 2-Mefcoxy-2S^(2-morpholinoethyl)-6-nitioben2Bnanun^ (5 & 17.8 

mmol) was dissolved in ettanol (100 ml), 10%Pd-C (100 mg) added and the 
mixture hydrogenated at 20 psifi>r 6 hours. The catalyst was removed by 
filtration Ihrou^ celite and the solvent removed in vacuo. The crude malmal was 
columned (silica) using a gradient fixnn DCM to 25%MeOH/DCM to give the 6- 

25 methoxy-^'-<2-morpholinoethyl)benzene-'l,2-diamine (Rf 0.38, 

10%MeOH/DCM). ESMS 252 (M+H). This compound (3.8 g, 15.2 mmol) was 
dissolved in dry EtOH (1 00 mQ, cyanogen bromide (1 .58 g, 15.2 mmol) was 
added and Alls mixture was refluxedfioT 60 minutes. The reaction mixture was 
evaporated to dryness fteo dihited with brine (3 0 ml) and 5M NaOH (10 ml) and 

30 extracted with EtOAc (4x50 ml) followed by extraction with BuOH (2x50 ml). 
The combined EtOAc extracts were dried over sodium sul&te and the crude 
residue precipitated from efhyl acetate /petroleum spirit to give 7-metfaoxy-l-(2- 
morpholinoe%l)-lir-benzo[d]rmidazoI-2-amme (Rf 0.15, 10%MeOHyDCM). 
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ESMS 277 (M+H). *HNMR (CDQa, 500MHz) 8:7.07 (d, J = 8Hz, IH), 7.01 (dd, 
J = 8Hz, 8H2, IH), 6-57 (d, J = 8Hz, 2H), 6.0 (bs, 2H), 4.4 (m, 2H), 3.89 (s, 3H), 
3.71 (m, 4H), 2.80 (m, 2H), 2.57 (bs, 4H). Yield 2.2g (53%), This compound 
(300 mg, 1.09 mmol) was dissolved in DMP (5 ml) and JV-mediylmorplioline (131 
5 mI, 1.19 mmol). To Hiis was added 4-cliloiobenzoyl chloride (152 1.19 mmol) 
and fhe resulting mi^ctare stined at S0°C for 3 hours. The solvent was evaporated 
and the crude residue precq>itatBd fiom hot EtO Ac to provide the title compound, 
4-chloroTAr-[7-metboxy-l-(2-mo]rpholin-4-ylethy]>'lJ7-^ 
yllbenzamide (9) as a white soUd. (Rf 0.51, 100%BtOAc). ESMS 415/417 
10 (M+H). 'HNMR (CDQs, SOOMHz) 5: 12.42 (bs, IH), 8.24 (d, J = 8.5Hz, 2H), 
7.39 (d, J = 8.5H2, 2H), 7.16 (dd. J = 8Hz, 8.5Hz, IH), 6.95 (d, J = 8Hz, 2H), 6.77 
(d, J = 8.5Hz, IB), 4.61 (t, J = 7Hz, 2H), 3.98 (s, 3H), 3.63 (m, 4H), 2.80 (m, 2H), 
2.60(bs,4H), 

EXAMPLES 

15 Preparation of iV"[7-hYdroxV"l"f2"moniholin-4-vlethii>-lg-ben2im^ 

vllnlcotinanilde flOl and 33-ditrifluoromeftvl-'iy--fl'-f2-morpholin-4--vlethvlV 
lJr-benzimidazol^2"Yribenzamide fll) 

General Method fftom tiie conesponding acid): 

[0202] The benzoic acid (2.03 mmol) was dissolved in 0.5 M O- 

20 benzotriazol-l-ylriy;^,iV^' i^Vtetramefhylirronium hexafluorophosphate 

(HBTU)/DMF solution and N-methyl moipholine (23 1 pi, 2. 1 mmol) added. This 

was stirred for 5 minutes before adding the substituted benzimidazole (500 mg, 

2.03 mmol) dissolved in DMF (5 ml) and the mixture stirred at SO^^C for 6 hom^s. 

The reaction mixture was diluted with ethyl acetate (100 ml), washed with IM 
25 sodium hydroxide (50 ml), water (50 ml), brine (50 ml), dried over sodium sulfete 

and evaporated. The crude residue was eidier precipitated or columned as 

required. 
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Prepaiation of A^r7-hvdrDyv-l~f2-morDholin-4-vIe1favR4H-beDznm^ 
vlliricottnamide (3) 

(10) 

S [0203] FoUowmg ibe general mefliod described above Ihe iNr-[7-lLydroxy-- 
l-C^-moIpholin•4-yIefhyQ-tE^4^e]lziM (10) was 

precipitated &om ethyl acetate/Pet spirit (Rf 0.48, 10%MeOH/DCM) as a pale 
yellow solid (365mg, 51% yield). ESMS 352 (M+H). ^HNMR (COas, 500MHz) 
5: 12.32 (bs, IH), 9.52 (m, IH), 8.71 (m, IE), 8.52 (m. IH). 7.40-7.28 (m, 5H), 
10 4.40 (m, 2H), 3.64 (m, 4H), 2,83 (m, 2H), 2.60 (bs, 4H). 
3,S-ditriflttoromethvlTAr41"f2-morpholin-^ 
viTbenzamide (4) 




0 

■ (11) 

15 [0204] Followmg tiie general procedure described above, the 3,5- 

rtitirif|nnrnnii>thyl-AA-[1 -(l-mnrphoHii-4-ylBfhyl)-1 W-hpnTimidaTol-l- 
;^]benzaii]ide (11) was purified by column chromatography using Pet 
spirifEtOAc gradient (Rf 0.71, 100%EtOAc) to give the desired compound as a 
pale yellow soHd(520mg, 52% yield). ESMS 487 (M+H). ). 'HNMR(CDCl3, 

20 500MHz) 5: 12.29 (bs, IH), 8.77 (s, 2H), 7.98 (s, IH), 7.41-7.30 (m, 4H), 4.42 (t, 
J = 7Hz, 2H), 3.65 (m, 4H), 2.84 (1^ J = 7Hz, 2H), 2.62 (bs, 4H). 
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EXAMPLE4 
4<3rioi^JV-^-Gt-morpholiiioethyI)-3F-4ii^ 
yl)be]izaniide (12) 




5 (12) 

[0205] 2-CMoro-3-nitropyridme (10.0 g, 63.5 mmol), 2- 

ammoefliylinoTpholme (17.5 ml, 133.5 nnnol) and l-butanol (20 ml) were 
combined aad heated at lOO^C for 16 hours imder an atmospheie of nitrogen. 
Excess reagent and solvent were removed in vacuo and fhe residue diluted wifh 

10 EtOAc (200 ml) and IM NaOH (1 00 ml). The organic phase was separated and 
the remaining aqueous solution e?ctracted with EtOAc (2 x 100 ml). The organic 
extracts were combined and washed with brine (100 wS), dried ov^ sodium 
sulfate and evaporated. The crude product was columned (silica) using a gmdient 
from petroleum spirit to BtOAc (Rf 0.28, 50% EtOAc/Pet Spirit) to give A^-(2- 

1 5 morpholinoefhyl)-2-nitrobenzenamine (1 5.6 g, 98% ^eld). ESMS 253 (M+H*). 
[0206] iV^-(2-morpholinoethyl)-3-nittopyridine-2-amme (3.12 g, 12.4 

mmol) was dissolved in EtOH (120 ml) and combined wifli 10% Pd-C (399 mg). 
Hie resulting mixture was hydrogenated at 20 psi until consumption of hydrogen 
gas had ceased. The mixture was filtered through celite to remove the catalyst and 

20 the filtrate evaporated. The solvent was removed in vacuo to give JV^-(2- 

morpholiaoetbyl)pyridine-2y3-diamine (2.6 g, 95% yield) which was used without 
further purification. ESMS 223 (M+H*). 

[0207] 7V^-^2-moipholmoethyl)pyridine-23"dianiine (1 .5 g, 6.75 mmol) 
was dissolved in dry MeOH (20 ml) and the reaction mixture cooled fo O^C . 
25 Cyanogen bromide (0.785 g, 7.41 mmol) in MeOH (15 mL) was added and fhe 
reaction mixture stirred at O^C for 3 hours followed by room temperature 
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overnight A further quantity of cyanogen bromide (0.30 g, 2.83 minol) was 
added and the reaction mixture stirred at room temperature for 5 hours. The 
reaction mixture was evaporated to dryness then diluted with brine (30 ml) and 
5M NaOH (10 ml) and extracted with dichloromefhane (3 x 50 ml). The 
5 combined dichloromethane extracts were dried over sodiiun sulfete, filtered, 

evaporated and tiie crude residue purified by crystallization fi-om EtOAc/Pet spirit 
(60-80^C) to give 3-(2-morpholmoe1hyl>3H-iimdazo[4,5-6]pyridin-2-aimne (1.4 
g, 84% yield). Rf (5% EtOH/EtOAc). ESMS 176 (M+H^. ^Hnmr (CDCI3, 
500MHz) 5: 7.99 (d, J= 5Hz, IH), 7.55 (d, J = 7.5Hz, IH), 4.95 (m, 2H), 4.88 (dd, 

10 J = 5.75 Hz, IH), 3.75 (bs, 4H), 2.77 (m, 2H), 2.61 (bs, 4H). 

[0208] To a solution of 4-chlorobenzoyl chloride (117 mg, 0.67 mmol) in 

dichlorometiiane (10 mL) was added 3-(2-morpholinoethyl)-3H-imidazo[4,5- 
6]pyridin-2-aniine (149 mg, 0.603 minol) and the reaction mixture stirred at room 
temperature for 10 hours. The reaction mixture was diluted with dichloromethane 

1 5 (20 mL) and flie organic phase washed with aqueous sodium hydroxide (2M9 20 
mL) followed by water (20 mL). The combined aqueous washings were extracted 
wifh dicbloiomelhane (20 noL) and the combined organic extracts were dried and 
the solvent i^oved in vacuo. The residue was purified by chromatography on a 
gradient using DCM to MeOH to give 4-«Uoro-iV-(3-(2-morpholmoethyI)-3JEr- 

20 IiiiidazoI4,5-*]pyridin-2-yI)beii2aiiude (12) (203 mg, 87% yield) Rf (5% 

EtOH/EtOAc). ESMS 386/388 (M+H*). ^Hnmr (CDCI3, 500MHz) 5: 8.25 (m, 
3H), 7.56 (d, J = 8.6Hz, IH), 7.20 (m, 2H), 7.18 (m, IH), 4.52 (t, J = 6.7Hz, 2H), 
3.60 (bs, 4H), 2.96 (t, J = 6.7Hz, 2H), 2.65 (bs, 4H). 
The following analogs were pr^ared in a similar &shion: 



25 
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[0209] 3<Idoro^-<3-(2-moi7holinoeth:^3£r4iiddazD[4,5n&]pyriffl^^ 
Z-yQbeiizaiiiide (13) (1 10 mg, 53% yield) Rf (5% EtOH/EtOAc). ESMS 386/3S8 
(M+H*). 'HQnir(CDCl3. 500MHz) 8: 828-8^(ni.lH),8.21-8.17(m,lH), 
7.62 - 7 J8 (m, IH), 7.49 - 7.45 (m, IH). 7.42 - 7.46 (m, IH), 7.24 - 7.19 (m, 
5 IH). 




(14) 



[021 0] 2-cUororAK3-(2-morpholiiioethyI>-3Ja'-iiiiidazo[4^]pyridin- 
2-yl)beiizainide (14) (120 mg, 60% yield) Rf (5% EtOH/EtOAc). ESMS 386/388 
10 (M+H*). 'Hnmr (CDCI3, 500MHz) 8: 8.07 (bd, J = 5.0Hz), IH), 7.76 (m, IH), 
7.62 (m, 2H), 7.39 (m, IH), 7.28 (m, IH), 7.02 (m, IH), 4.29 (m, 2H), 3.76 (bs, 
4H), 2.83 (m, 2H), 2.66 (bs, 4H). 




O 

(15) 

15 [0211] 2,4-dicliloro-N-(3-(2-morpholinoethy0-3H-imidazo[4^- 
b]pyridin-2-yI)beiizainide (15) (140 mg, 59% yield) Rf (5% EtOH/EtOAc). 
ESMS 418/420/422 (M+H+). IHmnr (CDCB, 500MHz) 5: 8.07 - 8.04 (m, 2H), 
7.63 - 7.58 (m, 2H), 7. 10 - 7.05 (m, 2H), 4.31 - 4.26 (m, 2H), 3.75 (bs, 4H). 2.85 
- 2.79 (m. 2H), 2.65 (bs, 4H). 

20 EXAMPLES 
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Synthesis ofiertAnstyl l,2Hlibydro-l<2-moipholmoethyQ-2-<>xoquinoxalin-3- 

ylcarbamate (16). 




5 [0212] 2<Moronittobenzene (10.0 g, 63.5 mmol), 2- 

aminoethylmotpholine (17.S ml, 133.5 trnnol) and 1-butanol (20 ml) were 
combined and heated at lOO^C for 16 hours under an atm^osphere of nitrogen. 
Excess reagent ai^ solvent were removed in vacuo and Ihe residue diluted wilh 
EtOAc (200 ml) and IM NaOH (100 ml). The organic phase was separated and 

10 the remaining aqueous solution extiscted with EtOAc (2^100 mQ Theozgonic 
extracts were combined and washed with brine (100 ml), dried over sodium 
sulfitte and evaporated. Ihe cmde product was columned (silica) using a gradient 
from petroleum spirit to EtOAc (tlf 0.28, 50%EtOAc/Pet Spirit) to give the 2- 
(morpholin-4-yl)-«%K2Haitrophenyl)amine (15.6 g, 98% yield). ESMS 252 

15 (M+H). 

[0213] 2-(Moipholin-4-yl)-<tiiyl-(2-nitrophaiyl)aimne (7.5 & 29.9 mmol) 
was dissolved in 50% aqueous EtOH (150 ml) and heated to SO^^C under an 
atmosphere of nittogen. To Ifais was added sodium hydrosulfite dissolved in water 
and the mixture refluxed for 3 hoars. If no color change occurred (incomplete 

20 reaction) more sodium hydrosulfite (1 0 was added (until complete color 
change). The solvent was evaporated and IM NaOH (100 ml) added and die 
mixture extracted with DCM (4x100 ml). The organic extracts were combined, 
washed with brine (100 ml), dried over sodium sul&te, filtered and evaporated. 
The cmde product was columned (silica) usmg a gradient fiom DCM to 

25 25%MeOH/DCM (Rf 025, 1 0%MeOH/DCM) to give the desired 
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phenylenediamine, Ar-^-ain]iK>phenyl)-7VK!2-moipholin-4- (5.3 g, 

80% yield). ESMS 222 (M+H). 

[0214] 7V'-(2-amin(q>heiQrI)-JV^(2-morpholm^ (5,4 g, 24 

mmol ) and dietfayloxomaloziate Osrepaied according to Pardo S.N. and Salomon 
5 R.G., /. Org, Chem, 1981, 46, 2598-2599) (3.72 ml, 24 mmol) were dissolvedin 
toluene and lefluxed, while lemoving water under Dean-Staik conditions, for 16 
hours. After cooling the solvent was evaporated and flie residue columned 
(silica) using a gradient ftom EtOAc to 10% EtOH/EtOAc (Rf 0.30, 5% 
EtOH/EtOAc) to give ethyl 3,4-dihydro-4-(2-morphoIinoe1hyl)-3-oxoquinoxaline- 
10 2-carboxylatB (5.7 g, 72% yield). ESMS 332 (M+H*). ^Hnmr (CDCla, 500MHz) 
5: 7.96 (dd, J = 1 .5, 8 Hz, IH), 7.66 (m, IH), 7.40 (m, 2H), 4.51 (q, J = 7.5 Hz, 
2H), 4.43 (t, J = 7.0 Hz, 2H), 3.70 (m, 4H), 2.71 (t, J = 7.0 Hz, 2H), 2.59 (bm, 
4H),1.45(t,J-7.5Hz,3H). 

[0215] Ethyl 3,4-dihydro^2-moipholinoethyl)-3-oxoquinoxaline-2- 

1 5 caibo:?Qrlate (1 .55 g, 4.7 mmol) was dissolved in ethanol (20 ml) to which was 
added IM NaOH (4.8 ml, 4.8 nnnol). The reaction mixture was stirred at 50**C 
for 3 hours, cooled and evaporated to dryness to give the sodium salt of 3,4- 
dihydio-4-(2-morpholinoethyl)-3-oxoquinoxaline-2-carboxylic acid ESMS 304 
(M+H*) which was suspended in tert-butanol (50 ml) together with 

20 diphenylphosphoryl azide (4 ml, 18.8 mmol) and the resulting mixture was 

refluxed under an atmosphere of nitrogen for 24 hours. Upon cooling the solvent 
was evaporated and the crude residue dissolved in EtOAc (100 ml), washed with 
IM NaOH (2 x 50 ml), brine (50 ml), dried over sodium sulfete and evaporated. 
The cmde residue was columned (silica pre-washed with 1% NEta/EtOAc) using a 

25 gradient jfrom EtOAc to 20% EtOH/EtOAc to give the desired product ^erf-butyl 
ly2-dihydro-l-(2-morphoIinoethy])-2-oxoquinoxalin-3-ylcarbamate (16) (600 
mg, 34% yield, Rf 0.44 (5% EtOH/EtOAc)), ESMS 375 (M+rf). ^Hnmr (CDQa, 
500MHz) 5: 8.53 (bs, IH), 7.89 (dd, J = 1.5, 8 Hz, IH), 7.46-7.41 (m, IH), 7.36- 
7.30 (m, 2H), 4.45 (t, J = 7 Hz, 2H), 3.70 (m, 4H), 2.71 (t, J = 7.5 Hz, 2H). 2.58 

30 (bs, 4H), 1 .56 (s, 9H) and the deprotected compound 3-amino-l-(2- 

morpholinoethyl)quinoxalTn-2(l/0-one (500 mg, 38% yield, Rf 0.31 (5% 
EtOmEtOAc)). ESMS 275 (M+H^. 

76 



wo 2005/021547 PCT/US2004/027809 

EXAMPLE 6 

Synthesis of 3-cUoro-iV^l,2-dihydro-l-(2-morphoUnoethyJ}"2-oxoqiiinox^ 
3-yl)be]izainide (17), 7V-(i;t-dihydrD-l-(2-moipholmoettiyl)-2-oxoqi]inoxaI^ 
3-yl)-l-naphfhajnide (18), 2-chIoro<iV-<l,2-dihydro-H2-morphoimoethyl>-2- 
S oxoqiunoxalia-3-yl)benzaiiiide (19), 4-chloro-iV^l,2-diliydro-l-<2" 

morphoIinoet]tyl)-2-oxoqiiinoxaliii-3-yI)b^zainide (20), and 3,4-dicldor(>-iV- 
(l,2-dihydro-l-C2-mo]7phoIinoetliyI)-2-^xoquinox^ (21). 




(17) 

10 [0216] 3<ailor()-l-(2-inoipholinoe%l)qiiinoxalm-2(li^ (5 g, 17 

mmol) was dissolved in dry toluene (50 ml) and to flris was added 50% w.v. 
sodium amide in toluene (approx. 1 .7 ml, 21mmol), The resulting mixture was 
stirred at reflux for 5 hours, cooled and carefully quenched with 25% aqueous 
ethanol (10 ml). The mixture was diluted wifli EtOAc (200 ml) and washed with 

15 IM sodium hydroxide (2 x 50 ml), brine (50 ml), dried over sodium sulfete, 

filtered and evaporated. The cmde residue was columned (silica) using a gradient 
from EtOAc to 50% EtOHZBtOAc to give 3-amino-l-(2- 
morpholinoethyl)quinoxalin-2(17i)-one (3.3 g, 72% yield) (Rf 0.29, 5% 
EtOH/EtOAc). ESMS 275 (M+H*). ^Hnmr (CDQa, 500MHz) 5: 7.49 (m, IH), 

20 728 (m, 3H), 5.75 (bs, 2H), 4.45 (t, J = 8.0Hz, 2H), 3.74 (m, 4H), 2.72 (t, J = 

8.0Hz, 2H), 2.62 (bs, 4H). This compound was also made by dissolving /e?t-butyl 
l,2-Klihydro-l-(2-morphDlinoethyl)-2-oxoquinoxalin-3-ylcarbamate (684 mg, 1.83 
mmol) in trifluoroacedc acid (5 ml), stirring the reaction mixture for 30 min and 
evaporating the reaction to dryness. The cmde residue was dissolved in EtOAc 

25 (100 ml), washed with IM NaOH (50 ml), brine (50 ml), dried over sodium 

sulfate and evaporated to give 3-amino-l-(2-moiphoIinoethyl)quinoxalin-*2(lif)** 
one identical with fhat prepared by the method immediately above. 
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[0217] 3-Ainmo-l-(2-mo]pholinoethy])quiQOxalin-2(l^-oiie (500 ing» 

1 .82 mmol) was dissolved in diy pyridine (20 ml) and 3-chIoiobenzoyl chloride 
(254 ^1, 2 mmol) added and fhe reaction mixtiire was heated at 50*^0 for 2 hours. 
Upon cooling the solvent was evaporated and the crude residue dissolved m 

5 EtOAc (100 ml), washed with IM NaOH (SO ml), brine (50 ml), dried over 
sodium sul&te and evaporated. The crude residue was columned (silica) using a 
gradient fiom ElOAc to 20% EtOBMStOAc to give 3M2hIoro-JV-(i;S-dihydro-H2- 
moiphofinoethyI)»2H>xoqidnoxa]ui-3-yl)benzamide (17) (437 m& 58% yielcQ. 
Rf 0.39 (5% EtOH/EtOAc). ESMS 413/415 (M+H^, ^Hnmr (CDQa, SOOMHz) 

10 5: 9.85 (bs, IH), 7.97 (m, 2H). 7.86 (m. IH). 7.60-7.38 (m, 5H), 4.52 (bs, 2H), 
3.74 (bs, 4H), 2.77 (bs, 2H), 2.62 (bs, 4H). 

[021 8] The following analogs were prepared in a similar &shion: 




(18) 

1 5 iV-<l,2-])ihydro-l-(2-morphofinefheyI)-2-oxoquinoxafiii-3-^ 

(18) (27% yield). Rf 0.40 (10% EtOH/EtOAc). ESMS 429 (M+H*). ^Hnmr 
(CDCI3, 300MHz) 8.36 - 8.30 (m, IH), 7.93 - 7.79 (m, 4H), 7.78 - 7.60 (m, IH), 
7.47 • 7.18(m, 5H), 4.38 (bs, 2H), 3.61 (bs, 4H), 2.64 (bs, 2H), 2.49 (bs, 4H). 
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(19) 

[0219] 2-cIiloro^-(l,2-dUiydro-l-(2-inorphoImoetfay]>2- 
oxoqiiinoxalii]-3-yl)beiizaimde (19) (287 mg, 38% yield). Rf 0.38 (5% 
5 EtOHyEtOAc). ESMS 413/415 CM+H*). 'Hnmr (CDQa, 500MHz) 5: 9.86 (bs, 
IH), 7.88-7.79 (m, 2H). 7.59-7.30 (m, 6H), 4.49 (bs, 2H), 3.71 (bs, 4H), 2.75 (bs, 
2H),2.60(bs,4BO. 




(20) 

10 [0220] 4-clilor<Hnr-(l,2-diliydro-l-^morphoIinoethyl>-2- 

on>qainoxalin-3-yl)braraiiiide (20) (535 mg, 71% yield). Rf 0.32 (5% 
EtOH/BtOAc). ESMS 413/415 (M+H*). 'Homr (CDQa, 500MHz) 5: 9.86 (bs, 
IH), 7.95 (m, 3H), 7.50 (m, 3H), 7.40 (m, 2H), 4.50 (t, J = 7 Hz, 2H), 3.72 (m, 
4H), 2.75 (t, J = 7.5 Hz, 2H), 2.61 (bs, 4H). 
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6 

(21) 

[0221] 3,4-DichIoro-iV-(l,2-dihydro-l-(2-morpholinetheyr)-2- 
ozoquinoxali]i-3-yl>-l}enzaini(le (21) (33% yield). Rf 0.42 (10% EtOH/EtOAc). 
5 ESMS 447/449 (M+H*). 'Hninr (CDQi. 300MHz) 5: 7.79 (bs. IH), 7.52-7.30 
(m, 6H), 4.49 (bs, 2H), 3.62 (bs, 4H), 2.63 (bs, 2H), 2.50 (bs, 4H). 
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EXAMPLE? 

Syntibiesis of 4HMoro-JV-<3,4-^ydro-4-(2-mor^^^ [3^- 
61pyrazi]i-2-y])be]izaiiiide (22) 




[0222] 2<Mon)-3-nitn)i)yridine (10.0 g, 63.5 mmol), 2- 

aminoefhylmoipholiae (17.5 ml, 133,5 mmol) and 1-butanol (20 ml) were 
combined and heated at lOO^'C fin: 1 6 boms under an atmosphere of nitrogen. 
Excess reagent and solvent were removed in vacuo and the residue dilated wifli 

10 BtOAc (200 ml) and IM NaOH (100 ml). The organic phase was separated and 
the remaining aqueous solution extracted with EtOAc (2 x 100 ml). The organic 
extracts were combined and washed with brine (100 ml), dried over sodium 
sul&teandevqxHrated. The crude product was columned (silica) using a gradient 
j&om petroleum spirit to EtOAc (Rf 0,28, 50% EtOAc/Pet SpfaSt) to give A^-(2- 

15 morpholinoethyl)-3-iiitropyridiiie-2-amine (15.6 g, 98% yield). BSMS 253 
(M+H). 

[0223] i\^-(2-motpho]inoethyl)-3-.nitrDpyridine"2-aniine (3. 12 g, 12.4 

nunol) was dissolved in EtOH (120 ml) and combined with 10% Pd-C (399 mg). 
The resulting mixture was hydrogenated at 20 psi until consumption of hydrogen 
20 gas had ceased. The mixture was filtered throu^ celite to remove the catalyst and 
the filtrate evaporated. The solvent was removed in vacuo to give A^-(2- 
morpholinoethyl)pyridine-2,3-diaimne (2.6 g, 95% yield) which was used witiiout 
further purification. ESMS 223 (M+H). 

[0224] i\/^-<2-morpholinoethyl)pyridine-2^-diamine (2.20 g, 9.92 mmol) 

25 was combined with oxalic acid (1 .38 g, 10.91 mmol) ia aqueous hydrochloric acid 
(5M, 1 1 mL) and heated at reflux for 16 hours. Ibe solvent was removed in 
vacuo and the solid residue added portion-wise to phosphorus oxychloride (32.9 g, 
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210 mmol) fhen heated at reflux for S hours. Once cooled the reaction mixture 
was gradually poured onto ice then treated with aqueous sodium hydroxide (5M) 
to pH 13 followed by the addition of brine (50 ml). The precipitated salt was 
removed by filtration and the aqueous phase extracted with ethyl acetate (2 x 200 
5 ml), dried and the solvent removed in vacuo to give 2^5hloro-4-(2- 

moipholinoefhyl)pyrido[3^-A]pyrazm-3-(4H)-one (1.0 g, 34%). ESMS 294/296 
(M+H). 

[0225] 2-CUon>-4-(2-morphoIinoelhyl)pyrido[3,2-6]pyrazin-3-(4jH)-one 
(0.85 g, 2,89 mmol) was combined with diy foimamide (10 ml) in tiioroughly dry 

10 glassware, under nitrogen, and heated to 160** over 30 minutes then kept at 160** 
for 3 hours. The reaction mixture was allowed to cool before dissolving in efhyl 
acetate (50 ml). The organic phase was washed with a 1 :1 mixture of aqueous 
sodium hydroxide and brine (2 x 50 ml). The combined aqueous washings were 
extracted with ethyl acetate (50 ml) and the combined organic extracts dried and 

15 the solvent removed in vacuo to give 2-aniinG-4-(2-moipholinoethyl)pyrido[3,2- 
%yrazin-3-(4i7)-one (420 mg, 53%). ESMS 276 (M+H^. 
[0226] 2-Amino-4-(2-moipholinoethyl)pyrido[3,2-&]pyrazin-3-(4//)-one 
(420 mg, 1.53 mmol) was combined with 4-chlorobenzoyl chloride (267 mg, 1.53 
mmol) in pyridine (10 ml) and heated at 70** for 3 hours. A further portion of 4- 

20 chlorobenzoyl chloride (27 mg, 0.15 mmol) was added and the reaction mixture 
heated at 85" for 2 days. A fiirther portion of 4-chlorobenzoyl chloride (230 mg, 
1.31 mmol) was added and the reaction mixture heated at 85** for a further 10 
hours. The reaction mixture was allowed to cool then diluted with water (30 ml) 
and extracted with ethyl acetate (2 x 50 ml). The combined organic extracts were 

25 dried and flie solvent removed in vacuo. The residue was partially purified by 

chromatography using a gradient fix)m 100% dichloromethane to 100% methanol, 
the desired ftactions combined and the solvent removed in vacuo. The residue 
was recrystalKzed &om toluene/diethyl eflier to give 4-c hloro-7V-<3,4-dihy dro-4- 
(2-morpholinoethyr)-3-oxopyrido [3,2-6]pyrazin-2-yI)benzamide (22) (420 mg, 

30 66% yield). Rf 0.4 (5%EtOH/EtOAc). ESMS 414/416 (M+H*). ^Hnmr(CDa3, 
500MHz) 6: 9.92 (bs, IE), 8.49 (dd, J = 2.0, 4.5Hz, IH), 8.24 (dd, J = 2.0, S.OHz, 
IH), 7.95 (dt, J = 2.5, 8.5Hz, 2H), 7.52 (dt, J = 2.5, 9.5Hz, 2H), 7.36 (dd, J = 5, 
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8.5Hz, IH), 4.73 (t, J = 6.5H2, 2H), 3.65 (bt, J - 4.5Hz, 4H), 2.80 (1, J = 6Hz, 2H), 
2.60(bs,4H). 

EXAMPLES 

SyBtbesis of iy-benzyl-3,4-dihydn>-4-(2-moii>holmo^^ 
5 oxoqiiiiioxaIiiie-2-carboxaimde (23), 3y4-dihydro-4-(2-moi7pholmoethyl>-3- 
oxo-AT-f henethylqmnoxaliiie-2-K^boxaiiiide (24), andiV- 
((benzo[<q[l,3]dioxoI-^-yI)methyI)-3,4Himydro-4-(2-mor^ 
oxoqii]noxaKn&-2-carboxaiiiide (25). 



Q 



10 (23) 

[0227] Ethyl 3,4-dihydio-4-(2-moipholmoe%5-3-K)xoqiiinoxal^ 

carbo^Iale (piq)a]:ed as in Example 1) (500 mg» 1.51 mmol) was dissolved in 
efhanol (10 ml) to which was added IMNaOH (1.75 ml, 1.75 mmol). The 
leaction mixture was stined at 50'*C for 3 hours, cooled and evqporatBd to dryness 

15 to give the sodium salt of 3,4-dihydn>-4-(2-mo]phoIjnoet]iyl)-3-oxoquinoxaline-2- 
carbo^lic acid which was used without furfher purificadon. ESMS 304 (M-¥Et). 
[0228] This compound (approx 1.51 mmol) was dissolved in DMF (10 ml) 

to which was added BOP reagent (benzotnazol-l-yloxy- 
tris(dimethylamino)phosphonium hexaflurophosphate ) (685 mg, 1.55 mmol) and 

20 JV-methyhnorphoHne (1 70 pi, 1 .55 tmnol). The resultuog solution was stined &r 5 
min before the addition of benzylamine (174 ^1, 1 .6 mmol). Tlie reaction mixture 
was stined for 2 hours, diluted with EtOAc (100 ml), washed wiHi IM sodium 
hydroxide (2 x 50 ml), water (50 ml), brine (50 ml), dried over sodium sulfate, 
filtered and evapomted. The crude lesidue was columned (silica) using a gradient 

25 ftom EtOAc to 25%BtOHyEtOAc ^If 0.16, 5%EtOH/EtOAc) to pve iV-benzyl- 
3,4Hlihydro-4-(2-morpholmoethyl)-3-oxoquinoxalme-2-carboxam^ 
(352 mg, 59% yield), ESMS 393 (M+H*). ^Hnmr (CDQa, 500MHz) 5: 10.0 (s, 
IH), 8.21 (d, J = 8.5Hz, IH), 7.71 (m, IH), 7.49-7.26 (m, 7H), 4.75 (d, J - 5.5H2, 
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2H). 4.46 ft J = 6.5H2, 2H), 3.68 (bt, J 4.5Hz, 4H), 2.70 (t, J = 7.5Hz. 2H), 2.58 
(bs,4H). 

[0229] The following analogs weie piepaied in a similar fesbion: 




5 (24) 

[0230] 3,4-dihydro-4-(2-inorphoUnoeth^3-oxo-iV- 
phenethyIquinoxaliiie-2-carboxamide (24), (380 mg, 62% yield) (Elf 0^1, 
5%EtOH/EtOAc). ESMS 407 (M+H^. 'liirar (CDCI3, SOOMHz) 5: 9.71 (s, IH), 
8.19 (d, J = S.OHz, IH), 7.70 (t, J = 7.5Hz, IH), 7.33-7.20 (m, 7H). 4.46 (t, J = 
10 6.5Hz, 2H), 3.80 (m, 2H), 3.69 (bs, 4H). 2.99 (1^ J = 7.5Hz, 2H), 2.58 (bs, 4H). 




(25) 

[0231] JV-((lM»i2!o[<q[l^]dioxol^yl)mel]iyI)-3Adihydro-4-(2- 
15 moiphoHnoetiiyI)-3-ozoqiiiiioxaIine-2-carl)oxa]nide (25) (428 mg, 65% yield) 
(Rf 0.16, 5%ElOmEtOAc). ESMS 437 (M+H*). 'Himir (0X33, 500MHz) 5: 
9.95 (s. IH), 8.21 (d, J = 8.0Hz, IH), 7.71 (m, IH), 7.48-7.43 (m, 3H), 6.91 (s, 
IH), 6.86 (d, J = 8.0Hz, IH), 6.76 (d," J = 8.0Hz, IH), 5.94 (s, 2H), 4.63 (d, J = 
5.5Hz, 2H), 4.46 (t, J = 6.5Hz, 2H), 3.68 (bs, 4H), 2.70 (t, J = 6.5Hz, 2H), 2.57 
20 (bs,4H). 
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(26) 



EXAMPLE 8a 

5 [0232] 3,4-dicUon)-iV-(l-(2'-inorphoUnopropyl)-l£r-beiizoM 

2-yl)beiizaiiiide (26). 2-Bromopropanoic acid (3.4 g, 22.37 niinol) was combined 
with moipholine (7.0 g, 80.46 mmol) and heated overnight at 100^. The 
lemaining morpholine was removed in vacuo and the residue taken up in diethyl 
efher (100 ml). The resultant suspension was filtered and the solvent removed in 

10 vacuo to give 2-moiphlinopn)panoic acid. This compound (1.3 g, 8.1 mmol) in 
dicUoromeftane (50 ml) at 0° was combmed with triethylamine (2.90 g, 101.19, 
28,7 mmol, 0.726, 4 ml) foUowed by 2-mtro anilme (1.23 g, 138, 8.91 mmol), N- 
hydroxysuccinimide (1.0 g, 115.09, 8.91 mmol) and dicyclohexylcarbodiimide (2 
g, 206.33, 9.69 mmol) and flie reaction mixtuie allowed to warm to room 

15 tOTq>erature. Afte stirring at room teniperatnie over night the reaction mixto 
was diluted with diethyl efher (50 ml), filtered and the solvent removed in vacuo. 
The residue was purified by chromatography (elution wifli dichloromethane) to 
give 2-marphoIino-^-(2-mtirophenyl)propanamide. To a solution of (his 
compound (2. 1 & 7.5 mmol) dissolved in efbanol (100 ml) was added 10% Pd/C 

20 (50 mg) and the reaction shaken in a hydrogen atmosphere (at 20 pounds per 

square inch) untfl consumption of hydrogen had ceased. The reaction mixture was 
filtered through a pad a filter aid (diatomaceous earth) and the solvent removed in 
vacuo to give JV<2-amincphenyl)-2-morpholmopropanamide, To a solution of this 
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compound (1 .0 g, 3.98 nrniol) in THF (80 ml) was added borane-THF complex 
(30 ml, 1.2 M, solution in THF) and Hie reaction mixtme refluxed for 30 hours. 
Hydrochloric acid (50 ml, 2M) was then added and the reaction mixture rejBuxed 
for a further hour. Sodium hydroxide (50 ml, 2M) was Ihen added and tiie solvent 
5 removed in vacuo. The residue was extracted wift ethyl acetate (3 x 100 ml), the 
organic phase dried and the solvent removed in vacuo. The residue was purified 
by chromatography (EtOAc) to give i/-(2-morpholinopropyI)benzene-l,2- 
diamine. This compound, in a similar manner to that used in the preparation of 
compound (2), was reacted firstly with cyanogen bromide to give l-(2- 
10 morpholinopropyl)- lH-benzo[d]inudazole-2-amine which was then reacted with 
3,4-dichlorobenzoyl chloride to give 3,4-dichloro-AKl-(2-morpholinoprop3i)- 
IEr-benzo[d]imidazol-2-yl)benzamide (26). 



EXAMPLE 9 

Pharmaceuti cal Dosage Forms for the Compomids of Fonniilg5t I and n 
15 [0233] (1) Injectable Suspension (I.M.)mmg/mL: 



[0234] 



Compoand of Formula I or II 


10.0 


Methylcellulose 


5.0 


Twe^SO 


0.5 


Bezizyl alcohol 


9.0 


Beazalkonium chloride 


1.0 


Water for injection 


to afotal volume of 1 mL. 



[0235] 



Compound of Formula I or EL 


25.0 


Microcrystalliae Cellulose 


415.0 


Povidone 


14.0 


Pregelatinized Starch 


43.5 


Magnesium Stearote 


2.5 



(3) Cs^snle (mg/capsule) 



Compoand of Formula I or II 


25.0 


Lactose Powder 


573.5 


Magnesium Stearate 


1.5 



Compound of Formula I or n 


24.0 


Ledtiiin NF Liq. Cone. 


l^mg 


Trichloiofluoromethane NF 


4.025 g 


Dicfalorodifluoromethane NF 


12.15 g 
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EXAMPLE 10 
Membrane^based CB^ binding assay 

[0237] The following is a preferred assay using human CB2-R ejqiressBd 

m HEK293 cells. In round-bottom 96 well plates, test compounds were serially 
diluted (1:10; 100 ^l/well) j&om 20 in assay buffer (50 mM Tiis-HCl, 2.5 mM 
EGTA, 5 mM MgClz, 1 mg/ml BSA; pH 7.5) fiom stocks (2 nM) prepared in 
propylene glycol Five concentrations of each test compound were assayed in a 
final concentration range of 10"^ M to 10'^ M. Positive and negative conliols (100 
(il each, in triplicate) containing no inhibitor are included in each assay plate. To 
all wells, including those containing the test compound and the positive control, 
was added [^H]WIN-55,212-2 (Peridn-Ehner Catalog #NET1058; specific 
activity- 41 Ci/mmol; 24.39 pM) diluted in assay buffer to a concentration of 
0.375 nM (80 fiVwell - final concentration of 0.15 nM). To Ihe negative control 
wells is added assay buffer (80 jil). To all wells is added fte CB2 membrane 
prepamtian (Peridn-Ehner Catalog #RBXCB2M; 20 pl/weU), which has been 
previously diluted with assay buffer according to the manufecturers instructions. 
The plates are incubated for 1.5 hours at 37**C, before the mmibranes are 
harvested onto glass-fiber mats that had been pre-wetted (3x) with 0.05% 
poly(efcylene)iniine (PET). The mats were washed (lOx) wifli distilled water and 
completely dried prior to adding scmlillatiQn cocktail (Microscint-O; Peridnr 
Elmer Catalog #601 361 1). Bound radioactivity of the platB(s) was measured in a 
Packard TopCount NXT micrcgplate scintillation counter and the cannabinoid 
inhibitory activity of the test compound(s) determined (where activity is inversely 
proportional to the amount of radio-ligand bound). Results were expressed as a 
percentage of the positive control, ICso values were determined using a graphics 
software package such as GraphPad Prism 4 (GraphPad, San Diego, Calif). 
[0238] IC50 values for CB2-R binding for the compounds described herein 

are shown in the Table 4. 
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TABLE4 



Compound ' 


IC«m (uM\ 


(1) 


5.01 


(2) 


1.0 


(3) 


2.57 


(4) 


3.3 


(5) 


10.5 


(6) 


25.1 


(7) 


5.0 


(8) 


17.8 


(9) 


3.1 


(10) 


>100 


(in 


>100 


(12) 


21.4 


(13) 


3.5 


(14) 


16.6 


(IS) 


21.4 


(16) 


5.01 


(17) 


4.47 


(18) 


3L6 


(19) 


1.0 


(20) 


-25.1 


(21) 


>100 


(22) 


>I00 


(23) 


-14.1 


(24) 


-15.8 


(25) 


-28.2 



EXAMPLE 11 

CByReceptor Agonists Inhibit Development of EAE 

5 [0239] EAE is induced and evaluated using the methods and steps 

described above by administering encephalito^nic T cells winch were ptepaied 
from spleens isolated fiom Lewis rats ten days following immuni2sation with MBP 
in CPA. Four female Lewis rats constitute the control disease groiq). Gmupsof4 
animals are each adnunistexed the encephalitogenic T cells and treated with die 
10 appropriate CB2-R ligands of Formula I or Formula H twice daily by 

intraperitoneal injection such that animals receive the agent at flie daily dose rates 
indicated in the table below. Dosing begins on the day of cell transfer. 
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RESULTS 

[0240] All of the animals (4/4) in the control groups were expected to 

develop clinical disease, although this was not always the case. Depending on the 
doses, animals in the CB2-R ligand treated groups may not develop disease, or 
5 when they do develop clinical signs, the disease is less severe, with delayed onset 
and shortened duration versus control animals. Typical results obtained with 
novel CB2-R hgands ("drag") based on Formula I and Formula n are summaiized 
in Table 5 below. In ttiis table ^doses' are in mg/kg given twice per day by 
intraperitoneal injection, where the drug was suspended in pharmaceutical grade 

10 olive oil (100 |iil per injection). Control animals received vehicle alone. The term 
*clin dis' represents flie number of animals, out of the total per group, that showed 
clinical signs at any point during the study. The term 'max dis' is the mean 
(dbSEM) of the maximum clinical disease score for each animal per group. The 
term 'duration' is mean duration^ in days, of apparent clinical signs for each 

IS animal in fixe group. 

[0241] Histological examination of the spinal cords of the control and 

treated animals show the following results. The control group exhibited a heavy 
lesion burden, on average approximately IS lesions/section. In contrast, spinal 
cords fiom the drug treated group had an average of 1 -6 lesions and no more &an 

20 10 lesions/section in the most severely affected animaL 



TABLES 





Iteatment gioup control group 


drug 


dose 


clindis 


max dis 


duration 




clindis 


max dis 


duration 


(1) 


10 


2/4 


0.5±0.3 


. 2.0 




4/4 


3.5±0.3 


3.7 


0) 


10 


2/4 


1.6±0.9 


2.5 




4/4 


2.8dh0.7 


4.5 


(2) 


15 


3/4 


2.7±1.8 


3.5 




4/4 


4.1±0.7 


5.5 


(2) 


15 


1/4 


0.1 


. 1.0 




3/4 


2.2il.4 


3.4 


(2) 


15 


0/4 


0 


0 




3/4 


1.1±1.4 


2.2 


(19) 


10 


4/4 


1.4±0.6 


2.5 




4/4 


2.6±0.5 


3.8 


(19) 


10 


2/4 


1.5±1.2 


3.2 




4/4 


2.6±0.7 


4.0 


(20) 


10 


2/4 


0.3±0.2 


1.6 




4/4 


1.2±0.3 


3.0 
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EXA1VIPLE12 
Inhibltioii of Passivdv-Transferred Adiavant Arthritis 

[0242] CB2-R agonists are tested for their ability to siqjpress the 

development of adguvant arthritis hi rats that results ftom the transfer of T 
5 lyD:q>hocytes isolated fixmi the spleens of adjuvant treated donors. The studies ate 
performed on male DA rats, 8 to 12 week old, usmg the mefliods and steps 
described above. Iheiixlucing adjuvant is a suspendon of A^coiac/^rn^ 
butyricum in min^ oil. Spleens cells famx the treated tats are stbnulated in 
culture wifli Con A for 3 days and injected i.v., mto DA recipients (8.5 x 10^ 

10 cells/iat). Tieatmentwithtestagentsisinitiatedontheday of cell transfer. The 
CB2-R agonists are admmistered intraperitoneally at the doses given below. After 
5 to 8 days, the hmd leg distal jomts of salme treated contxol rats tiiicken and 
become hyperemic. Disease severity is evaluated and graded daily as described 
above. 

15 RESULTS 

[0243] In a ^ical example, compound (2) suppressed clinical signs of 

passively-transferred adjuvant mduced aiduitis at a dose of IS mg/I% 
intraperitoneally, bid. At the end of a two week treatment period, a hig(hly 
statistically significant dilSerence in the disease status of the treated versus the 

20 control animals was observed. Treated animals showed no inflammation. 

Specifically 0/4 animals developed swelling anlde joints. In the control group all 
animals developed clinical signs of disease. The average maximum increase in 
ankle size seen during the two week experiment was 10.5% (range 3 to 27.3%). 
[0244] All the references cited above are incorpomted herein by reference 

25 in their entirety, whether specifically incorporated or not 

[0245] Having described various embodiments of this mvention, it will be 

appreciated by those skilled in the art that the same can be performed withm a 
wide range of equivalent parameters, concentrations, and conditions without 
departing firom the spirit and scope of the invention and without undue 

30 e:q)erimentatiorL 
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WHAT IS CLAIMED IS ; 



1. 



A compoimd of Foimiila I: 




Formula I 



or a pharmaceutically acceptable salt or prodrug thereof, wherein 



5 (a) 
(b) 

(c) 

10 (d) 

(e) 
(f) 

15 (g) 



is: H, C w alkyl, halogen, 0CH3» CF3, OCF3, OCHF2, OH or Ct^ 
alkoxy; 

is: Ci-6alkyl, cycloalkyl, (CH2)n-heterocycloalkyl, or (CH2V 
heteroaiyl, wherein n is an integer fiom 1 to 3; 
R^is: CHR^COorS02;• 

R'* is: lower alkyi, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl or 
heteroaryl; 

R^ is: H or lower alkyl or heteroalkyl; 

R^ is: H, lower dSkyl, cycloalkyl, heteroalkyl, heterocycloalkyl, aryl, 
heteroaryl or, carboxy; and 

W, X, y and Z can be either C or N, wherein the total number of 
nitrogen atoms amongst W, X, Y and Z does not exceed 2. 

A compound of Formula II 




Formula II 



or a pharmaceutically acceptable salt or prodrug thereof, wherein 



20 



(a) R^ is: H, Cu alkyl, halogen, OCH3, CF3, OCF3, OCSHFz, OH or 
alkoxy; 
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(b) is: Ci-6 alkyl, cycloalkyl, (CHaVheteroalkyl, (CHzV 
heteiocycloalkyl, or (CSBbV^eteroaiyi, herein n is an integer from 1 
to 3; 

(c) X is N(R3-R4)(R5)> C(0)Y or C(NH)Y; 

(d) RMs: CHB<i,CX)orS02; 

(e) R"* is: Iowct aUcyl, cycloalkyl, heteroallqrl, heterocycloalkyl, aiyl or 
heteroaiyl; 

(f) R^ is: H or lower aliyl or heteroalkyl; 

' (g) R^ is: H, lower alkyl, cycloalkyl, heteroalkyl, hetetocyclo^^ 
heteroaiyl or, caiboxy, 

(h) Y is: N(R3-Ri)(R5) or Ci^aDcyl, alkenyl, Ci-salkynyl, cycloalkyl, 
heteroaiyl, (CH2)o"heterocycloalkyl, (CHaVaiyl or (CIfc)o-heteioaiyl, 
wherein n is an integer of firom 1 to 3; and 

(i) a, b, c and d can be either C or N, wherein flie total number of nitrogen 
atoms amongst a, b, c and'd does not exceed 2. 

3. The compound of claim 1 which binds specifically to a cell-hound 
or cell-free CB2 receptor with an afSnity characterized by a Kd of 100 |jlM or 
lower. 

4. The compound of claim 2 which binds spedficalty to a cell-bound 
or ceU-fi»e C»2 leceptor wift an aflMty characterized by a Kd of 100 

lower. 

5. The compound of claim 1 which is a CB2 receptor agonist 
characterized by its ability to stimulate a CB2-related post-binding signal 
transduction event after landing to a CB2 receptor on a cell. 

6. The compound of claim 2 which is a CBz receptor agonist 
characterized by its ability to stimulate a CBi-telated post-binding sigual 
transduction event after bmding to a CB% recq>tor on a cell. 

7. The compound of claim S, wherein said signal transduction event is 
an inhibition of adei^lyl cyclase activity and/or induced cAMP generatioiL 
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8. The compound of claim 6, wherein said signal transduction event is 
an inhibition of adenylyl cyclase activity and/or induced cAMP generation. 

9. Hie compound of claim 1 selected from liie group consisting of 

(a) 4-cUoiOTAr-[l-(2-morpholin-4-ylethyl)-lfl*en2i^ 
5 yl]benzamide; 

(b) 4K:WoiDriV^[7-methoxy-l-C2-moipholin-4-ylelJiyl)-li^^ 
beDzimida2x>l-2-yl]benzaiQide; 

(c) 3,4-dichloro-N-[l-(2-moipholin-4-ylethyl)-lH- 
ben^midazo]benzamide; and 

10 (d) 3,4-^cMoro-N-<l-(2-moipholinopix)pyl)-lH-beiizo[d]imi 

yQbenzamide. 



10. The compound of claim 2 selected from the group consisting of 

(a) 2-chloro-N (1 ,2-dihydro-I-(2-morpholinoefliyl)-2-oxoquinoxalin- 
15 3-yl)benzamide; 

(b) 3-chloro-N-(l,2-dihydro-l-(2-morpholinoethyl)-2-oxoquinoxalin- 
3-yl)benzam3de; 

(c) tertrbutyl l^"dihydro-l-(2-morphoIinoethyl)-2-oxoquinoxalin-3- 
ylcaibamate; and 

20 (d) N-benzyl-3,4-dihydro-4-(2-moipholinoe%l)-3-oxoquinoxaline-2- 

carboxamide. 

11. A pharmaceutical composition comprising 

at least one conq>ound of any one of claims 1-10; and 
2S at least one phaimaceutically acceptable carrier or exdpient 

12. Use of a compound of airjr of claims 1-10 for treating an 
inflammatoiy condition, a cell proliferative disorder or an immune disorder. 

13. Use of the pharmaceutical composition of claim 1 1 for treating an 
inflammatDiy condition, a cell proliferative disorder or an immunopathological 

30 disorder. 
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14. Use of a compound of any of claixos 1-10 for treating a disease or 
condition associated witti abnoimally low activity o^ or signalling Ihtongh, CB2 
receptois of cells of a TnamTnatian immune systCTL 

15. Use of the pharmaceutical composition of claim 1 1 for treating a 
5 disease or condition associated wifli abnormally low activity o^ or signalling 

through^ CB2 receptors of cells of the immune sj^em. 

16. The use of ai^ of claims 12-lS, wherein said disease^ condition or 
disorder is selected fiom the group consisting of graft rejection, graft vs. host 
disease, T-cell mediated hypersensititvity including T cell-mediated dermatitis, 

10 allergic disease^ arthritis, preferably rheumatoid arfliritis, insulin-dependent 
diabetes mellitus, multiple sclerosis, acute disseminated encephalomyelitis, 
asthma, chronic obstructive pulmonary disease, emphysema, bronchitis, acute 
respimtory distress syndrome, inflammatory bowel disease such as CSrohn's 
disease, lupus, ischemic or teperfusion injury, celiac disease, atopic dermatitis. 

1 5 psoriasis, urticaria, scleroderma, mycosis fimgoides, dermatomyositis, alopecia 
areata, chronic actinic dermatilis, stromal keratitis, eczema, Behcet's disease. 
Pustulosis palmoplant^s, Pyoderma gangrenum, Sezary's syndrome, systemic 
sclerosis, morphea, autoimmune thyroid disease, Addison's disease, an 
autoimmune polyglandtilar disease or syndrome, sialitis and Sjogren's syndrome, 

20 pernicious anemia, vitiligo, Guillain-Barte syndrome, glomemlonjq)liritis and 
serum sickness. 

17. The use according to any one of claims 14-16, wherein said 
compound is administered orally, parenterally or topically. 

1 8. Tlie use according to any of claims 14-16, wherein said compound 
25 is administered in combination with an agent ftat is also useful for the treatment 

of symptoms or underlying cause of said disease or conditiort 

1 9. The use of claim 1 8, wherein said agent is selected from the group 
consisting of methotrexate, sulfasalazine, a COX-2 inhibitor, hydroxy 
chloroquine, cyclosporine A, D-penicillamine, infliximab, etanercept , auranofin, 

30 aurothioglucose, sul&salazine^ sulfasalazine analogs, mesalamine, corticosteroids. 
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corticosteioid analogs, 6-inercaptopurine, cyclosporine A, methotrexate aiid 
infliximab, interferon P-ip, interferon P-la, azathioprine, glatiramer acetate, a 
glucocorticoid and cyclophosphamide. 

20. A method for modulating (a) CB2 receptors on a cell or (b) signal 

5 transduction mediated by CB2 stimulation of a cell, comprising contacting ftie cell 
vnSx a receptor-modulatoiy amount of the compound of any of claims 1-10. 

21 . The method of claim 20, wherein said compound is one that 
activates CB2 receptors. 

22. The method of claim 20, wherein said compound is one that blocks 
10 the activation of said CB2 receptors by an endogenous or exogenous CB2 agonist. 
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